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Ducktility 


THIS IS a characteristic of air, par- 
ticularly in autumn, that is not gen- 
erally taken into account in textbooks 
on meteorology, ventilation, public 
speaking, balloon design, yachting or 
other activities involving the circum- 
ambient atmosphere. In various parts 
of the country, the ducktility of the 
air varies greatly. In the East, for 
example, it is extremely low. A scientific investigator 
will sometimes work all day in the salt marshes along the 
Atlantic coast before detecting a single trace of this 
property. In Arkansas, however, where the above pic- 
ture was taken by the U. S. Biological Survey, the 
atmospheric ducktility is so high that the work of the 
investigator is ridiculously easy. 


Here we have a splendid view of a research worker 
investigating the subject. Such pictures are rare, but 
with its characteristic enterprise, Power Plant Engineer- 
ing has secured one through the courtesy of Tycos- 
Rochester, to show its readers that it is endeavoring to 
present them authoritative information on all the latest 
scientific developments of value to power plant men. 


Practical applications of scientific research are illus- 
trated in several other ways in this issue. On page 1076, 
Messrs. French and Staples diseuss investigations of 
bearing metals, with which every engineer must deal. 
A. W. Kramer continues his fascinating explanation of 
what electricity is and why, this time telling about 
the photoelectric cell, and R. T. Livingston discusses 
hydraulic turbine design. 
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Steam Power Plant Development at Pasadena 


REASONS FOR SELECTION AND LOCATION OF EQUIPMENT INSTALLED AND STATE- 


MENT OF Economy oF RESULTING OPERATION. 


BOUT 22 YR. AGO, during a period of what 
might be termed ‘‘electrical dissatisfaction,’’ 
the Pasadena Municipal Light and Power De- 
partment was originated. Both service and 
rates at that time left much to be desired and 
as a result of this condition, a movement was started 
which resulted in a bond issue providing funds for a 
200-kw. engine driven generator, boilers, pumps, aux- 
iliaries and a shed-like corrugated iron building. This 
humble collection of equipment, which wouldn’t supply 
enough power to drive the circulating pumps on the 
last unit installed, was operated at night time only and 
furnished current for a few miserable, sputtering are 
lights but it gave better service for less money, with 
the result that within 2 yr. the Municipal Lighting De- 


partment was installing a larger unit and figuring on a: 


third, in order to supply an insistent demand for cur- 
rent for domestic consumers. 

In 1920 the city purchased outright all of the private 
corporation’s distributing system and took over all of 


*Mechanical Engineer, Pasadena Municipal Light & Power 
Dept., Pasadena, Calif. . 





FIG. 1. PANORAMIC VIEW 
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By Orro H. Hepricu, Jr.* 


its customers. Since that time, all current for light and 
power has been furnished by the Municipal Light & 
Power Department. At the present time, there are 
approximately 30,000 consumers, the peak load runs 
about 15,000 kw. and the monthly output varies between 
414 and 5 million kw-hr. per month. 


PRESENT EQUIPMENT 


There have been installed to date three engine driven 
generators, four turbine-generators, all to operate con- 
densing and 13 boilers with steam pressures varying 
from 200 to 400 lb. and total temperatures ranging from 
480 to 725 deg. F. Table I gives an interesting com- 
parison of the prime movers and shows some of the 
results obtained as a result of advance in the art of 
central station design. Due to the fact that sufficient 
boiler capacity to.supply steam for each of the first 
five units was not installed coincidentally with the units, 
it is impossible to give actual costs per installed kilo- 
watt for these machines. A check of the ultimate costs, 
however, reveals the fact that the cost has been less for 


“ te 


OF LATEST BOILER ROOM. AT LEFT IS 400 LB. BOILER FOR NO. 7 UNIT; AT RIGHT, 


250 LB. BOILER FOR NO. 6 UNIT WITH FEED PUMPS AND FEEDWATER HEATER IN CENTER. ALL CONTROLS AND 
INSTRUMENTS ARE CENTRALLY LOCATED. IT IS POSSIBLE FOR FIREMAN TO OPERATE BOTH PLANTS SIMULTANE- 
OUSLY 
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TABLE I. 
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COMPARATIVE DATA CONCERNING PRIME 


MOVERS 





Floor Area (Sq.Ft.) 
Date of Required for Prime 
Instal- 


lation 


Unit 
Number 


Capacity 


Kw. Voltage |Total Per Kw.Cap. 





Movers and Generators 


Efficiency Condenser Surface 
Kw.Hr.Per B.t.u.per 


bbl. Kw.Hr. 


Sq. Ft. Stean 
Total Per Kw.Cap.|Press. Temp 














200 264 


240 


1 1907 2,400 


2,400 


| 1.32 


1908 324 1.35 


1909 * 2,400 905 1.28 


2,400 


| 

| 

| 16 
2,400 | 


1,110 


1914 3,000 





2 
3 
4 1911 
5 
6 1924 10,000 


15 ,000 


2,400 
11,000 





7 1928 


Sarena Sasa AS! 








125 Si 


200 | 


480 
480 


725 
1,100 | 
2,400 | 
Jet | 
| 
| 
| 


3.62 
4.58 
3.40 


50,000 480 


46,300 200 





| 42,700 

39,100 480 
| 34,700 Jet 
26 ,000 


| 19,200 


200 480 





14,250 250 


400 


600 





16,250 725 





each successive unit in spite of the increasing complica- 
tion of design and rising efficiencies attained. Table II 
gives itemized costs of units Nos. 6 and 7 which were 
installed in a new plant adjacent to the original build- 
ings. 

Since a period of 10 yr. has passed between the in- 
stallation of units Nos. 5 and 6, most of the article is 
given over to a discussion and comparison of units Nos. 
6 and 7, which were installed in 1924 and 1928 respec- 
tively, as it is the newer developments in which plant 
designers are most interested. 

Number 6 unit of 10,000 kw. nominal capacity, was 
designed during a period when boiler pressures and 
temperatures were beginning to assume newer and 
higher values and as it has always been the policy of 
the department not to be too far in advance of the best 
engineering practice, it was decided to adopt 250 lb. and 
600 deg. as the steam conditions. Inasmuch as extrac- 
tion feedwater heating was more or less in its infancy 
and was not well adapted to 250 lb. pressure, it was 
not adopted. Feedwater was heated with exhaust steam 
from turbine driven boiler feed pumps and the heat 
balance was obtained by varying the proportional load 
on the turbine of the dually driven, steam-electric, cir- 
culation pump. Work was rushed to completion and 


TABLE II. 


SUMMARY OF COSTS FOR UNITS NO. 


the unit was placed in service in May, 1924, just in time 
to pull full load 24 hr. a day during the several months 
of power shortage in Southern California that year. 
No startling efficiencies were made by the plant and 
after the full load period during the power shortage, 
the heat consumption was between 25,000 and 26,000 
B.t.u. per kw-hr. or, in the parlance of operators accus- 
tomed to oil burning, 240 to 250 kw-hr. per bbl. This 
was due, of course, to the lack of certain refinements 
such as air preheaters, extraction feedwater heaters, 
motor driven auxiliaries, water walls, draft fans, com- 
paratively high vacuum, high steam pressure and tem- 
perature and above all to poor load factor. 

While load factor is not a controllable feature of 
design, it certainly has a large bearing on the monthly 
efficiency of the plant. Pasadena, being largely a resi- 
dential city, has a typical lighting characteristic load 
curve with a high early evening peak of short duration, 
as shown in Fig. 3. The average load factor based on 
peaks has varied but few points on either side of 45 
per cent for the past 8 yr. In view of these conditions, 
the efficiencies attained were as good or slightly better 
than stations of similar size at that time. 

Conditions were entirely different, however, after 
elapse of the 4-yr. period between the design of the No. 


6 AND 7 COMPILED FEB. 7, 1929 





Cost per 
Percen- |Kw.hr. based 


Cost per 
Kw.hr. based 
on 15,000 


Cost per 
Kw.hr.bas 


Percen- a 
tage of 


Percen- 


Total Cost 








Building and Building | 


tage of jon 10,000 


total 
cost 


Kw. Instal- 
lation 


Total Cost 


tage of 
Total 
Cost 


Kw. Instal- 
lation 


Total Cost 


Total 
Cost 


on 25,000 
Kw. Instal- 
lation 





i 


No.7 


Nos.6 & 7 





changes $ 99,679.80 


Crane (50 T.Capacity) 
Boilers & Foundations 
Turbine & Condenser 


Miscellaneous Mach- 
inery 


Piping 
Cooling Tower 
Vater Softener 


Main Switchboard and 


21,112.30 
158,700.30 
268,157.45 


19,959.78 
50,821.29 
37,691.52 
13,936.62 


Switches,Buses & Cables 85,342.79 


Miscellaneous and Aux- 
iliary Electrical 
Equipment 

Engineering & Drafting 
General 

Contingencies 


TOTALS 


9,971.56 
10,040.23 
9,889.78 
20,427.35 





$805,730.77 





| 
| 


10206 
12.371 
2.620 
19.696 
33.281 


2.477 
3.307 
4.678 
1.730 


10.592 


1.239 
1.246 
1.227 
2.535 
99.999 


\e 9.9680 
| 2.1112 
15.8700 
26.8157 


1.9960 
5.0821 
3.7692 





1.3937 


8.5343 


29972 
1.0040 
-9890 
2.0427 





$80 .573 





3 33,600.12 


221,469.68 
359,222.16 


21,834.53 
42,645.69 
24,329.90 


14,129.06 


29,736.54 
7,477.19 
13,351.41 





$767,796.08 


4.376 


28.844 


46.786 


2.844 
5.554 
3.169 


99.999 


$ 2.2400 


14.7646 
23.9481 


1.4556 
2.8430 
1.6220 





1.9824 
24985 
8901 





351.186 


133,279.92 

21,112.30 
380,169.98 
627,379.61 


41,794.31 
93,466.98 
62,021.42 
13,936.62 


99,471.85 


39,707.90 
17,517.42 
23,241.19 
20,427.35 


$1,573,526.85 


8.470 
1.342 
24.160 
39.871 


2.656 
5.940 
3,942 

2885 


2.523 
1.113 
1.477 
1.298 








99.999 


$ 5.3312 

28445 
15.2068 
25.0952 


1.6718 
3.7387 
2.4809 

25575 


3.9789 


1.5883 
-7007 
29296 
8171 

362.941 
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6 and No. 7 units. The building supposedly had been 
built large enough in 1924 to accommodate two units 
with their boilers and auxiliaries. As a matter of fact, 
it was necessary to raise the boiler room roof 24 ft. to 
accommodate the extra height of the new boiler. It 
was also necessary to provide additional room in the 
condenser basement for an evaporator gallery and this 
feature increased the installed cost of the new unit 
about $1.50 per kw-hr. 


REASONS FoR ADOPTION OF HigH TEMPERATURE 
AND PRESSURE 


Steam conditions of 400 lb. gage and 725 deg. F. at 
the throttle were decided on for three reasons, namely: 
1. The turbine cost was no more for 400 lb. than it was 


for 250 lb. Above 400 lb. costs per kw. capacity in- 
creased. 2. Extraction feed heating was made possible 
by virtue of the sufficiently high steam pressure and 
temperature at three bleed taps. These pressures and 
temperatures were: High-pressure tap 140 lb. abs. and 
505 deg. F.; intermediate tap 37 lb. abs. and 325 deg. 
F.; low-pressure tap 9 lb. abs. and 193 deg. F. These, 
of course, are for full load conditions. 3. The me- 
chanical and thermo-dynamic efficiency of a turbine in- 
creases with the total steam temperature, therefore the 
maximum safe limit of 725 deg. was used. Incidentally 
it might be mentioned that saturated steam has its 
greatest heat content per pound in the region of 400 lb. 
gage pressure and a higher superheat was possible with 
a limiting temperature of 725 deg. F. using 400 lb. in 
preference to a higher pressure. 

In writing the specifications for turbine bids, it was 
made clear that a turbine-generator with high over- 
load capacity for 2 hr. was particularly desired. It is 
seen from Fig. 3 that the peak mounts rapidly, has a 
fairly short duration and then falls away quickly. In 
view of this condition, a generator which would pull a 
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certain load for 2 hr., representing the maximum peak 
duration, was just as good as a generator which would 
pull such a load all day long. This request in the 
specifications resulted in a 20,000-kw., 60-cycle unit. 
Due to the fact that the frequency in Pasadena, as in 
much of Southern California, is 50 cycles, such a ma- 
chine would nominally have a capacity of 83 per cent 
of 20,000 or 16,600 kw. The turbine was equipped 
with suitable blading, however, so that it was capable 
of developing 20,000 kw. and that load has easily been 
carried on the set for 2 hr. without excessive heating. 
In view of this condition, the cost per kilowatt capacity 
of the plant could justifiably be reduced to 75 per cent 
of the value given, which is based on 15,000 kw. nominal 
capacity. See Table II. 


FIG. 2. SECTIONAL ELEVATION OF 


NO. 7 ADDITION 


Three-stage extraction feedwater heating was adopted 
for use in connection with No. 7 unit and shows an 
increase in plant efficiency of approximately 6 per cent 
under full load conditions as compared with No. 6 unit 
which involved no extraction heating. A capital saving 
in this connection was made which might prove inter- 
esting to plant designers in certain instances. When 
No. 6 unit was installed, it was equipped with an open 
type deaerating, feedwater heater having a capacity of 
300,000 Ib. per hr., when heating water from 100 to 
210 deg., which capacity is sufficient for both No. 6 and 
No. 7 units. 

Since the intermediate bleed tap on No. 7 unit has 
a pressure above atmospheric for all loads above 5500 
kw., it was possible to use this previously installed 
heater and the following advantages were realized: 
1. The cost of an intermediate stage heater was elimi- 
nated. 2. The cost of a deaerator was eliminated. 3. No 
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AM. PM. 


FIG. 3. LIGHTING LOAD CURVE 


condensate surge tank was required because the open 
heater was designed for large fluctuations in the flow 
of the condensate to be heated. 4. No evaporator con- 
denser was required as the distilled vapor was piped 
direct to the open heater and condensed as it heated 
the condensate coming from the low-pressure heater. 
5. A large supply of hot water was always on hand for 
the boilers of No. 6 unit since the feed pumps from 
both units took suction from the open heater. 


High FEeepwater TEMPERATURE 


Low-pressure heater on No. 7 unit is of the closed 
shell and tube type and operates under a vacuum at all 
times. The condensate is pumped through it into the 
open heater by the hot-well pump and the drips are 
piped to the main condenser hot well as shown in Fig. 4. 
The boiler feed pumps are located below the open heater 
and have a positive suction head of about 12 ft. These 
pumps force the water through the high-pressure heater, 
which is also of the closed shell and tube type, directly 
through the throttling feed valves to the boiler drums. 
With this system of feed heating, a final temperature 
of 325 to 350 deg. F. is obtained and, together with 
the deaeration, requires the manual operation of only 
one valve, namely the throttle valve, located in the tur- 
bine room, which, depending on the load, regulates the 
flow of steam to the open heater from either the high- 
pressure or intermediate-pressure bleed tap. <A positive 
steam pressure of 2 or 3 in. of water is maintained in 
the open heater. This keeps the feedwater at 210 deg. 
F., and drives off the dissolved oxygen along with a 
certain amount of vapor through the vent condenser. 
Here the vapor is condensed and returned to the heater 
while the air is expelled to the atmosphere. 


GAL_OISTLLED 
STORAGE TANK 


THROTTLE STM. 
400°G 72s 250% cod Fe® STEAM 


wuves 
TO NO. 


MROTTLE 


NOs PuMP 
BOILER FEED PUMPS NO.6. BOILERS 


FLOAT VALVE IN OPEN HEATER 
CONTROLLING MAKE-UP 


FIG. 4. DIAGRAMMATIC PIPING LAYOUT FOR NOS. 6 AND 
7 UNITS 
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Condensers on both Nos. 6 and 7 units were built by 
the same manufacturer to operate under the same cir- 
culating water and vacuum conditions. Condenser No. 
6, however, is of the single pass type, having 14,250 sq. 
ft. of surface and is supplied with cooling water by one 
dually driven pump of 21,000-g.p.m. capacity and serves 
a 10,000-kw. turbine. Number 7 is of the two-pass 
type, having 16,250 sq. ft. of surface and supplied with 
cooling water by two pumps, one motor driven, of 
12,500-g.p.m. capacity and the other driven dually by 
motor and turbine, of 6500-g.p.m. capacity. This lat- 
ter condenser, of course, serves a nominally rated 15,000- 
kw. turbine. On comparing these two condenser in- 
stallations, which were made 4 yr. apart, the first 
notable difference is the small increase in surface (only 
2000 sq. ft.) for the large increase in turbine capacity 
(5000 kw., or 50 per cent). The condensing surface 
per kw. of turbine capacity dropped from 1.42 to 1.08. 
This is due partly to improved design but mainly to 











CONDENSER AND CIRCULATING PUMPS FOR NO. 7 
UNIT 


FIG. 5. 


the fact that since extraction feed heating is used in 
the new unit, less steam per kw-hr. reaches the con- 
denser. 

CoMPARISON OF CosTs 


Another interesting side light is a comparison of 
costs: $57,700 or $4.05 per sq. ft., for No. 6 condenser 
and $47,136 or $2.90 per sq. ft., for No. 7 condenser, 
representing a reduction of $1.15, which is equal to 
28.4 per cent. These costs include circulating pumps 
and drivers in both cases. With reference to these 
pumps, it might be stated that the change from one 
dually driven pump of No. 6 unit, to two pumps on 
No. 7 unit was made mainly for flexibility, reliability 
and the auxiliary power saving at light loads. The 
pumps for No. 7 unit were specified as being of % and 
24 eapacity, the latter to be motor driven and the smaller 
to be dually driven and so designed as to be capable 
of delivering double the amount of water by overspeed- 
ing 50 per cent with the turbine. The turbine on this 
pump is direct connected without a reduction gear and 
while it has a poor water rate, it is intended only for 
emergency service and would normally float, ready for 
instant use. In fact, the specifications for this turbine 
ealled for one that would come up to full load and 
speed in 30 see. By means of overspeeding the small 
pump 50 per cent with the turbine, it is possible, in 
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times of emergency, to hold the vacuum on the main 
condenser within an inch of full vacuum, even though 
all current for auxiliaries is cut. 


SELECTION OF BoILER TYPE 


Much thought was given to the design of the boiler 
plant and straight tube, cross drum boilers with seam- 
less steel serpentine tube headers were adopted for the 
following reasons: 1. There was only one drum to keep 
tight at the high pressure; 2. the water level is inher- 
ently more stable and the danger of pulling water over 
into the turbine with a sudden load increase is consider- 
ably less; 3. the cost was no more than for a bent tube, 
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VIEW OF NO. 7 UNIT FROM SWITCHBOARD 
GALLERY 


FIG. 6. 


multi-drum type because of the extra drum thickness 
which was necessary in this latter type in order to 
provide sufficient ligament strength between tube holes, 
at 400 lb. gage press.; 4. only one shape of spare tube 
was necessary; 5. a better shaped combustion space was 
possible with a given height of setting for oil burning, 
without impingement of fuel oil on boiler tubes; 6. a 
lower front refractory wall was possible than if the 
bent tube type had been used and 7. in ease of caustic 
embrittlement, there would be only one drum to be 
affected. 

The furnace contains 7000 eu. ft. of combustion 
space, which allows 1.40 eu. ft. per maximum developed 
b.hp. and keeps the heat release down to about 35,000 
B.t.u. per cu. ft. per hr. at maximum rating of 325 per 
cent. The rear wall of the furnace is inclined with a 
pitch of 2 in. per ft. and is air cooled by means of the 
air for combustion which passes downward along the 
rear wall, under the deck and thence upward to the 
burner wind box. The sides of the furnace are cooled 
by means of bare-tube, water-sereens partially imbedded 
in the refractory. This combination of air and water 
cooling of the furnace has given excellent results. An 
inspection made after 5000 hr. of service revealed the 
fact that the walls were in perfect condition and indi- 
cations were that all refractories, with the exception of 
the firing arches around burner openings, would last 
almost indefinitely. Thermo-couples located in the hot- 
test portions of the side walls and 14 in. from the sur- 
face showed a maximum temperature of only 2100 deg. 
F. at 325 per cent of rating, when burning oil. At this 
low temperature, it is reasonable to expect very little 
refractory deterioration. 
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Borer CONSTRUCTION FEATURES 


Some interesting construction features which might 
be mentioned in connection with the boiler drums are: 
machined rivets, inside calking, and external heads. 
The rivets were turned to fit the drilled rivet holes 
tightly and all scale was thoroughly removed before 
driving in order that the hole might be completely 
filled with rivet material. The tolerances were such 
that if the rivet were heated ever so little too much, 
it would not enter the hole. Internal calking of all 
joints was specified in an attempt to eliminate the thin 
pockets formed between the tube sheet and butt straps. 
These pockets, formed on outside calked drums, provide 
excellent ‘‘concentration chambers’’ for boiler water. 
Both the machined rivets and internal ecalking are con- 
struction precautions tending to reduce the probability 
of caustic embrittlement. The drum heads were ma- 
chined internally and shrunk on to the externally 
machined shell ends. This construction, while common 


in high-pressure oil still work, is unusual in boiler con- 


FIG. 7. VIEW LOOKING DOWN FIRING AISLE TOWARD 
NEW BOILERS, SHOWING LOCATION OF FANS 


struction. The purpose of this design is to create a tend- 
ency for the head joint to close as the internal pressure 
tends to expand the shell. In an internal head the 
tendency would be for the joint to open. 

Both forced and induced draft fans and air heaters 
are located on a fan deck above the boilers. This 
location makes possible short duct connections between 
the boiler outlet, induced draft fans and the heater and 
stack and also allows the forced draft fan to remove 
from the boiler room all the hot air which collects under 
the roof. An upward draft is thus caused which pro- 
vides comfortable temperature at the firing level. No 
economizers are used, as the feedwater is amply heated 
by the extraction steam and the stack gases are cooled 
to about 300 deg. by the air preheaters. 

When the plant was laid out, particular attention 
was given to convenience and centralization of control, 
in an attempt to keep the operating force at a minimum. 
In the boiler room, for instance, all controls and instru- 
ments are mounted on a single panel. As a result, the 
fireman can control completely all phases of boiler 
operation and observe the results of the changes as they 
are made. Similarly, in the turbine room, a series of 
hand-wheel floor stands brings the control of remotely 
located valves within two or three steps of the turbine 
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tender’s position at the instrument panel. Auxiliary 
drive motors are all of the ‘‘across-the-line’’ type and 
push button controls are located on an operating panel 
adjacent to the instrument panel. The large circulating 
line valves are equipped with hydraulic operating cylin- 
ders, the controls of which are also located on this oper- 
ating panel. The operator in charge of shift is stationed 
on the switchboard gallery which overlooks the turbine 
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Beauty as well as convenience of the turbine room 
are illustrated in the headpiece of this article. The 
waxed floor, tile wainscot, buff Italian plastered walls 
and ornamental lights improve working conditions and 
provide an incentive to keep the equipment first class in 
appearance and to attain high operating efficiency. 

As stated above, the present load factor based on 
peaks is about 45 per cent and based on maximum 


room. An interphone system provides convenient com- 


capacity, about 32 per cent. 











Principal Mechanical Equipment in No. 7 Addition, Pasadena Municipal 
Light and Power Department Plant 


BOILERS 
Make Combustion Engineering Corp. 
Type Walsh 
& Weidner horizontal, cross-drum, 
straight water-tube, sinuous header 
Number 2 
Steam pressure, lb. gage 
Steam temperature, deg. F 
Heating surface, sq. ft. 
Superheaters Foster Wheeler Corp. 
5-pass bare tube 
Soot blowers 
Furnace type 
‘Water cooled side walls, air 
cooled rear wall, decking and front wall 
Furnace volume, cu. 7000 
Water wall material supplied by Walsh & 
Weidner ; water walls, refractory walls 
= casing — by ‘plant engineering 
orce. 


AUXILIARY BOILER EQUIPMENT 
Blowoff valves Yarnall-Waring Co. 
Non-return valves 

Edward Valve & Mfg. Co. 
Safety valves 

Consolidated Ashcroft Hancock Co., Inc. 
Water columns. Reliance Gauge Column Co. 
Feedwater regulators 

None; manual regulation 


Air heaters Green Fuel Econ. Co. 


2 plate type to raise temperature to 
350 deg. 


COMBUSTION BQUIPMENT 
Burners Peabody 
. Engrg. Co. combination gas and oil 
Number per boiler 1 


OIL HANDLING EQUIPMENT 
Main fuel oil pumps, number and ca- 
it: g.p.m. and 
1—75 g.p.m. at 200 lb., Quimby Mfg. Co. 
—— tank underground, 1—capacity 377 


Main storage tanks, 7—underground con- 
crete. Total capacity approx. 150 cars 

Oil strainers: 2 twin, C. F. Braun Co. & 
Coen Burner Co. 


BOILER FEED SYSTEM 
Water softening, Zeolite system with 
filters, capacity 300 g.p.m 
Permutit Co. 
Feed pumps: 2—5-stage single suction 
500 g.p.m. against 600 lb., pressure 
motor driven mounted on single bed- 
plate with Sturtevant turbine and 
disconnecting clutches 
(Cameron) Ingersoll-Rand Co. 
Open heater, _ 300,000 per hr. 
Cochrane Corp. 
Evaporator, ee “single effect, capacity 
7500 lb. per hr. The Griscom-Russell Co. 
Vapor condenser—open heater... 
Cochrane Corp. 


HEAT TRANSFER EQUIPMENT 


Low-pressure heater, 1—2 pass, to heat 

condensate from 120 deg.-180 deg. 
The Griscom-Russell Co. 

High-pressure heater, 1—2 pass, to 

heat feedwater from 210 to 350 
OG ciceccvewaccas Griscom-Russell Co. 


GENERATING EQUIPMENT 


Turbine, 1 single cylinder, 54-stage re- 
action type, 20,000 kw., 1500 r.p.m. 
initial pressure 400 lb., superheat 
a1G deg. Be. c. <i Allis-Chalmers Mfg. Co. 

Generator, 1 nominal rating, 15,000 kw. 
at 80 per cent p.f. with 2 hr. over- 
load rating of 20, 000 kw. at 90 per 
cent p.f. 11,000 v 


Pxciter, 100-kw., 250-v. direct connected 


Atmospheric relief binge” 1, 24 in. 
Atwood & ‘Morrill 


CONDENSING EQUIPMENT 


Condenser, one, horizontal, 2-pass sur- 
face, 16,250 sq. ft....Ingersoll-Rand Co. 
Condensate pumps, 1 single stage cen- 
trifugal, 400 g.p.m., 125 ft. head, 
1500-r.p.m. motor driven and 
ditto turbine driven..Ingersoll-Rand Co. 
Circulating water pumps, 1 18-in. 
motor driven centrifugal, 980 r.p.m. 
12,600 gal. against 60 ft. head and 
1 14-in., 6300-g.p.m. ditto 
Ingersoll-Rand Co. 


AIR EJECTION APPARATUS 


One double steam ejector, each half 
containing six primary and three 
secondary steam jets 

Ingersoll-Rand Co. 


ELECTRICAL EQUIPMENT 


One 3 phase self cooled auto trans- 
former, stepping up generator volt- 
age to 16,500-18,750 kv-a. capacity. 

Allis-Chalmers Mfg. Co. 

Swinson’ and accessories 

Westinghouse Electric & Mfg. Co. 

High potential xanniapeinns equipment. . 

- Kellman Mfg. Co. 

Storage batteries for 4. c. control 

Electric Storage Battery Co. 

Meters, relays and control devices 

Westinghouse Electric & Mfg. Co. 
Sangamo Meter Co. 


Wire and cables 
Standard Underground Cable Co. 


PIPING AND VALVES 


High-pressure piping, Sargol joints. . 
Midwest Pipe & Supply Co. 

High-pressure gates (600 Ib. Std.). 
Chapman Valve Co. 

High-pressure globes (600 Ib. Std.). 
Crane Co. 

High-pressure checks (600 lb. Std.)... 

Lunkenheimer Co. 


..Lunkenheimer Co. 
Chapman Valve & Mfg. Co. 
Pressure reducing valve 
Leslie Co. 


High temperature pipe covering Super 


X and Magnesia. .Johns-Manville Corp. 


Air duct and boiler drum _ insulation, 
Rockwool Johns-Manville Corp. 
General Insulating Co. 


INSTRUMENTS 


Draft gages, 2 multipointer 
Bailey Meter Co. 
Pressure gages 
Consolidated Ashcroft Hancock Co., Inc. 


Feedwater flow meters, 2 orifice type. 
..( Westcott) American Meter Co., Inc. 


Boiler water level recorders. 
. (Westcott) American Meter Co., Inc. 
CO2 meters, 2 recording manometers, 
Condensate meters, 1 Weir type 
Cochrane Corp. 
Ashton Valve Co. 
Bristol Co. 
Bristol Co. 
Bailey Meter Co. 
Mercury column vacuum gages 
Taylor Instrument Cos. 
Taylor Instrument Cos. 
MISCELLANEOUS 
Breechings and air ducts 
Western Pipe and Steel Co. 
Stack, 1 unlined steel 
Western Pipe and Steel Co. 
Miscel. steel supporting structure 
Llewellyn Iron Works 
Water tank, 25,000 gal. capacity 
Western Pipe and Steel Co. 
Overhead traveling crane, 50-ton 
Shaw Crane-Putnam Machine Co. 


Sump pumps, 2 vertical. Yeomans Bros. Co. 
American Pump Co. 





This rather bad operating 





munication to five different stations within the plant. 
That the centralization of control and convenience of 
operation is well worth while, is indicated by the fact 
that this plant, which can truthfully be rated at 20,000 
kw. capacity, is easily operated by only three men on 
each watch; one in the boiler room, one in the turbine 
room and one on the switchboard gallery. Of course it 
is necessary to employ labor of various other kinds such 
as mechanics, repairmen and painters, but these men 
have nothing to do with the operation of the plant. 
Only three men actually run this plant. 


condition, together with the fact that the condenser is 
supplied with circulating water from a cooling tower 
with a resultant comparatively low vacuum, gives a 
plant efficiency in the neighborhood of 19,000 B.t.u. 
per kw-hr., or 325 kw-hr. per barrel of oil. This effi- 
ciency will increase as the capacity factor of the unit 
increases. Even the present efficiency, however, is a 
great improvement, actually amounting to 29 per cent 
increase over the efficiency of No. 6 unit and serves as 
an indication of the progress of the art of central station 
design in plants of this size. 
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Details of the Organization and Operation of 
a Large Power Plant 


Par? II.* 


CARE OF THE TURBINES, CONDENSERS AND THEIR AUXILIARIES; 


RESPONSIBILITIES OF MEN IN THE ELECTRICAL Division. By J. C. FauKNeERt 


L ARGE GENERATING units of 40,000, 60,000 and 
160,000 kw. capacity require time for starting, so 
the high tension operator notifies the watch engineer 
an hour and a half to two hours before the machine is 
needed. The engineer proceeds to start the circulating 
pumps (usually two pumps to a large unit), vacuum 
pumps and the auxiliary turbine oil pump. The tur- 
bine is then started and run at approximately 150 to 
200 r.p.m. for half of the starting time so as to elimi- 
nate any kinks that might be in the turbine shaft. It 
is then brought up slowly, except through the critical 
speed point, to full speed and synchronized. 

Ordinarily the hot well pump should be started after 
the turbine has started unless the condensing water for 
the steam jet air pump condenser is the main condenser 
condensate, in which ease the hot well pump should be 
started first. The vacuum during the starting process 
should be kept at between 10 to 20 in. of mercury until 
the machine is synchronized, after which it should be 
raised as high as possible. Usually the turbine is loaded 
from one-quarter to one-third its rated capacity, held 
at this load for one-half hour, then loaded at will, except 
in eases of emergency when they will be loaded up at 
once after synchronizing. One assistant engineer with 
an oiler should be able to take care of two or three 
turbines. 

Condensers that have divided water boxes should 
be operated as two condensers so that a failure on one 
circulating pump will not affect the whole condenser. 
Loads as high as two-thirds the rated capacity of the 
turbine can be carried on one-half on the condenser 
without undue loss of vacuum for an hour. If run for 
a longer duration in this condition, the packing will dry 
out and a drop in vacuum will result, due to air leakage. 

Alternating current motor driven circulating pumps 
having two speed windings on the motors should be run 
at slow speed, except when the temperature of the out- 
let circulating water is such that the drop in vacuum 
will offset the increased pumping cost of high speed. 
Direct current motor or turbine driven circulating 
pumps can be so regulated as to hold the vacuum prac- 
tically constant. 


Priming Connection SHOULD BE USED 


Condensers of single-pass design or those of two- 
pass design without division plates should have a 
vacuum priming connection at the top of the tail pipe 
so that in ease of failure of one circulating pump, water 
could still be maintained in the condenser until the 
valve leading to the disabled pump is closed. This 
vacuum connection may be from a separate vacuum 
~ *Part I of this series was published in the August 15 issue. 
ion a a will conclude the series, will appear in an 


+Assistant to Research Engineer, New York Edison ‘Co.: 


formerly Superintendent, Hudson Avenue Station, Brooklyn 


Edison Co. 


priming system or may be from the tail pipe of another 
condenser. 

One junior engineer with four oilers per watch 
should be able to operate the circulating, vacuum, con- 
densate, boiler feed and other miscellaneous pumps. 

Water boxes of the condenser should be cleaned of 
refuse each time the turbine is shut down and if neces- 
sary tubes can be cleaned at the same time. 

Many ways of cleaning condenser tubes are in use; 
the method used will depend to a large extent on the 
conditions to be met with. In former practice, tubes 
were swabbed out with a brush but with the ever in- 
creasing number and length of tubes in the present 
condensers, this method has been practically abandoned 
due to the length of time required to do the job and 
the small amount of time a large machine can be kept 
out of service. 

Rubber plugs of many shapes and designs and spiral 
wire plugs shot through the tubes by compressed air 
are now in use with varying degrees of success. Sand 
blasting is particularly effective but might injure the 
tubes if used too frequently. Powdered coal ash put 
into the circulating water inlet lines has helped to keep 
the seum and grease from the tubes. 

The chlorine method is now used effectively in sev- 
eral large stations. This is based on the theory that 
waters used for circulating purposes contain a form of 
algae or vegetable growth which has a great affinity for 
the sides of the condenser tubes and that other sub- 
stances such as grease, slime and mud stick to the algae, 
thus building up a seale. Chlorine kills this algae and 
washing out leaves the tubes clean. 


ConpDENSER LEAKAGE Must Be Kept Low 


In one plant that is using this method on one of its 
condensers, it has not been necessary to clean the tubes 


* for six months. This condenser is maintaining a higher 


vacuum than the other condenser alongside of it that 
is being cleaned by mechanical methods. 

While it is necessary to purchase chlorine and 
special apparatus to introduce it into the circulating 
water, the cost is not excessive and is more than offset 
by the reduction of labor for cleaning and the higher 
vacuum maintained. 

Usually four to six men are employed just to clean 
condensers, this work being done chiefly on the 12 mid- 
night to 8:00 a. m. watch or Sundays when the load on 
the station is lightest. 

To test the condenser for salt water leakage, salinity 
indicators should be connected to each condenser and 
a titration test should be made every two hours as a 
check on the indicator. If the condensate shows more 
than 30 p.p.m. of salt, the condensate should be dis- 
carded and the leaky tubes plugged as soon as operating 
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conditions will allow the machine to be taken out of 
service. 

When fresh water is used for a circulating medium, 
it is much more difficult to detect leaks, especially when 
the makeup water is put into the condenser. Special 
analysis of the condensate is made to determine the 
percentage of leakage at a certain load on the turbine. 
With the machine shut down, the steam space of the 
condenser is filled with water and leaks observed in the 
water boxes. 

Sereens in the intake tunnels should be kept as clean 
as possible, as when they become dirty the velocity of 
the water increases, carrying more refuse into the con- 
densers. Revolving screens are a big step toward the 
solution of this problem. 


Caviration Must Be GuarpED AGAINST IN 
CONDENSATE PUMPS 


Condensate pumps should be guarded against cavi- 
tation, so variable speed motor or turbine drive is pref- 
erable to a constant speed motor for driving these 
pumps. An automatic control, holding the water at 
practically a constant level in the hot-well will insure 
water at the pump at all times. An operator should 
keep watch on the level of the water in the hot-wells. 

Enough boiler feed pumps should be run to insure 
the proper amount of water to the boilers at all times. 
If turbine driven pumps are used, a spare pump should 
be kept slowly turning and ready for emergency use 
and a pump operator should always be on duty there. 
If all pumps are electric driven, enough pumps should 
be run so that the loss of one pump would still leave 
ample capacity to feed the boilers. 

Feedwater heaters of the closed type are practically 
automatic in their operation, as the steam required is 
bled from the main units and taken from the exhaust 
of auxiliary turbines (when used) and therefore varies 
directly with the load on the main units. When the load 
on the station is increased, demanding more steam from 
the boilers, this inerease of water through the heaters 
is met by a corresponding increased amount of steam 
from the bled steam stages of the turbine and increased 
auxiliary steam. 

Heaters have to be watched for leaks like a con- 
denser. They should be tested weekly when the main 
unit is shut down by putting normal pressure through 
the tubes and observing whether the water rises in the 
hotwell. 


OPERATION OF HEATERS 


To guard against bad leaks, special precautions 
should be taken to prevent the water filling the steam 
space of the heater and backing up into the turbine. 
Special valves, usually hydraulically operated, are in- 
stalled in the bleed lines and the lines to the auxiliary 
exhaust header, these valves being controlled by floats 
connected to the heater. A safety valve with a setting 
slightly more than the maximum possible bleed pressure 
is connected to the heater to relieve it of excess water 
pressure and act as a tell-tale for the operator. The 
venting of the air from the heaters is another important 
item that must be carefully watched. 

Makeup water is often fed directly into the main 
condenser in which its oxygen content is reduced. This 
water is usually drawn from a storage tank by the con- 
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denser, the amount of water needed being controlled 
by a special float controlled valve. The feedwater should 
be fed to the boilers through an excess pressure regu- 
lator and then through feedwater regulators. A water 
tender keeps close check on the water level just as if no 
regulators were used. 


ELECTRICAL DIVISION 


In the electrical division the personnel should be 
divided into two main groups, one for operation and 
one for the care of the equipment. The operation should 
be supervised directly by a watch foreman. The high 
tension operators synchronize and regulate the main 
turbine-generators ‘and control switching of outgoing 
feeders. They act as a clearing house for all orders 
from the system operator. 

Low tension operators should be immediately respon- 
sible for the operation and control of the power supply 
and switching to all auxiliaries. They should direct the 
starting and stopping of house turbine-generators and 
maintain proper loads on these units. 

In addition to the 2300-v. auxiliary supply, they are 
responsible for the operation of z1l motor generator sets 
which supply the boiler auxiliaries. They are also 
responsible for the excitation bus and batteries and the 
125-v. d.ce. control supply. Assistant operators on both 
high and low tension galleries work under the direction 
of the operator in ch&rge. 

Roundsmen should make hourly inspection of all 
electrical apparatus, such as house transformers, auto- 
transformers, main generators and electrical switch and 
feeder galleries in order to insure that everything is in 
proper condition at all times. The watch foreman 
checks the switching conditions in both the high and low 
tension galleries and sees that the proper operating pro- 
cedure is followed with respect to the handling of the 
main units and auxiliary supply. 

The system operator acts as the brains of the oper- 
ating system. He directs the high tension operators in 
the generating stations as to what and when loads are 
to be earried on each station and directs the substation 
men in their switching operations. Two to three men 
are usually on duty in the system operator’s room con- 
tinually. 
(To be concluded.) 


Design of Anchors for Stack Guys 


IN THE 8th line from the bottom of the right-hand 
column, page 1018, September 15 issue, an exponent 2 
was omitted from the ecaleulation. The text reads cor- 
rectly: that is, the horizontal resistance of the guys is 
found by multiplying the load per square foot of pro- 
jected area by the diameter and by the square of the 
stack length and dividing by twice the distance of the 
guys from the base. Thus the horizontal resistance R, 
is (20 X 3 X 607) + (2 & 48) = 2250 Ib. 

In the formula given just below for the stress in a 
45-deg. guy, stress = (0.705 WDH?) ~ L, the factor 
W is wind pressure per square foot projected area of 
stack instead of weight per lineal foot, as stated. 


IN THE ULTIMATE analysis, the efficiency of a plant is 
measured in pounds of coal per unit of output but the 
economy is measured in dollars. 
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Steam Turbine Development’ 


MATERIALS AND CONSTRUCTION HAVE BEEN THE GOVERN- 


ING Factors IN PROGRESS. 


EVIEWING BRIEFLY the developments of the 

past 20 yr., we find that practically every stage of 
the progress made during that period has been influ- 
enced by the state of the metallurgical and steel-making 
arts. We find that, as the ferrous and non-ferrous ma- 
terials available were improved in those qualities prin- 
cipally essential in turbine manufacture, blade speeds 
and the sizes of turbines increased simultaneously, with 
due regard to conservatism in the use of new materials. 


WEIGHTS OF CENTRAL STATION 
TURBINE UNITS 

MAIN TURBINE AND GENERATOR 
EQUIPMENT ONLY 
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FIG. 1. WEIGHTS PER KILOWATT OF CAPACITY HAVE 
DECREASED TO ABOUT 30 PER CENT OF THE 1900 VALUE 


1900 1910 


Jointly with the advances in pure metallurgy, im- 
provements in foundry, and especially in forge-shop 
developments, have been the preponderant influences 
permitting the turbine designs commercially desirable. 


Stream FLow THERMODYNAMIC IMPROVEMENT SMALL 


When we examine the turbine developments of the 
past 30 yr., we find that practically no advances have 
been made in the purely thermodynamic design of steam 
passages. 

Books and various papers and articles which have 
appeared, embody the result of a tremendous amount of 
purely theoretical, and mathematical, as well as labora- 
tory research, intended to promote a real understanding 
of the flow of steam in nozzles and blades of various 
types and thus reach a comprehension of the extremely 
complicated processes which take place, with a view of 
using this information to improve the practical designs 
of blading. Nevertheless, it is true that, for all prac- 
tical purposes, no great improvement in the efficiency 
of the thermodynamic performance under a given set 
of steam conditions, blade speeds, velocity ratios, and 
the like has been made. There has been a slight im- 
provement, of the order of 2 or 3 per cent, in the actual 
blading efficiency during that time; but this might be 
considered a rather discouraging state of affairs, con- 


*From a paper before the Summer School of Engineering 
Teachers, S. P. E. E. Purdue University. 


By Henry F. Scumipt 


sidering that millions of dollars have been spent in this 
cause. Gains in efficiency from this work must be small, 
as present elements have a peak efficiency of over 90 per 
cent. 


IMPROVEMENT Has BEEN IN CYCLE AND Design DETAILS 


As a complete machine, the turbine has improved to 
a great degree. The Rankine-cycle-efficiency ratio has 
been increased from approximately 60 per cent in 1900, 
to about 83 per cent in 1929. This gain in efficiency, 
however, has been the result of increased blade speeds, 
the use of higher velocity ratios, better details of con- 
struction, reduced leakages and friction, and to bringing 
the efficiency substantially to the peak of the curve. 
In the case of the straight impulse turbine, a large part 
of the gain in efficiency has been due to abandoning the 
original multi-velocity-drop principle which employed 
but two or three stages, and a gradual change over 
either to the use of a single-two-velocity-drop, high- 


BASED ON THE AREA OF THE 
SINGLE CIRCUMSCRIBING RECTANGLE 


200 
| 


YEAR 
FIG. 2. REDUCTION IN FLOOR SPACE OF CENTRAL 
STATION TURBINES AND GENERATORS HAS BEEN PHE- 
NOMENAL 


pressure element, followed by single-velocity-drop, or 
Rateau stages, in the remainder of the machine, or to 
the use of all single-velocity-drop stages. In the larger 
turbines of the impulse type, all multi-velocity-drop 
wheels have been eliminated and a gain in efficiency has 
been realized due to the subdivision of the heat drop into 
a larger number of stages, going up as high as 43 stages 
in some cases, with the employment of higher blade 
speeds. In the reaction turbine, or combination im- 
pulse-reaction turbine, improvement in efficiency has 
been due to an increase of velocity ratio in the reaction 
blading, of from 45 to 50 per cent in 1900, to 80 and 
even 90 per cent in 1928, combined with the reduction 
in the amount of work done in the initial high-pressure, 
two-velocity-drop impulse wheel. 

In the ease of the reaction turbine, additional im- 
provement in efficiency has been obtained by changes in 
the balancing dummies and the use of conically-bored 
cylinders and spindles, eliminating some of the loss 
caused by leakage and the loss in velocity head in jump- 
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ing from one ‘‘expansion’’ to another in the old paral- 
lel-bladed construction. Improvement in efficiency also 
has been due to the use of warped blades in the last 
two or three rows in the turbine, which permits the root 
and tip of the blade to operate with substantially the 
correct inlet and outlet angles, thus partly offsetting 
the loss of efficiency caused in very long blades by the 
great disparity of blade speed between the tip and root. 

The so-called end-tightened blades and dummies em- 
ployed at the high-pressure end of the more modern 
machines account for some improvement in efficiency 
due to the reduction of leakage losses, since this type of 
dummy and blade packing can be ground in under full 
load and corresponding steam pressure and temperature 
conditions. This permits the blading and dummies to 
operate with the minimum clearance under the distorted 
conditions of the cylinder housing when subjected to 
operating temperatures, pressures and torque. 

Improvements in interstage packings to reduce leak- 
age and the use of warped blades at the low-pressure 
end have been introduced in turbines of the impulse 
type, with consequent improvement in efficiency. It 
will be observed, however, that all the so-called improve- 
ments which have been made are of a purely mechanical 
nature and are not due to any inherent improvement in 
the flow efficiency. 


Better MATERIALS Have AIDED PROGRESS 


Most of the credit for the improvement in turbine 
efficiency must. be awarded to the metallurgists and steel 
makers, who have been responsible for the production 
of the materials necessary for the manufacture of the 
enormous forgings in use today, the reliability and 
physical properties of which permit operation at the 
higher blade speeds now in vogue in the largest ma- 
chines. Progress in metallurgy has also resulted in 
producing steels and alloys suitable for turbine blades. 
The problems which had to be solved were difficult and 
all the difficulties have not been entirely overcome. For 
example, some materials which are highly desirable as 
blade materials from the standpoints of strength, elas- 
ticity, reduction in area, erosion and corrosion resist- 
ance, are subject to solder cracking. This eliminates 
them from use as blading materials. No method of lash- 
ing or stiffening of turbine blades has yet been invented 
which dispenses with silver soldering. Because of the 
inter-crystalline penetration of the solder, which re- 
duces the fatigue resistance almost to the vanishing 
point, its use has also eliminated many otherwise prom- 
ising blading materials. 


Stream CycLte CHANGES ARE Not PRIMARILY TURBINE 
IMPROVEMENTS 


Efficiency of the steam cycle has been materially in- 
ereased by the introduction of stage feedwater heating, 
reheating, and the use of higher steam pressures, higher 
temperatures and improvements in condensing equip- 
ment. These, however, are not strictly turbine im- 
provements. Both stage feedwater heating and reheat- 
ing were practiced many years ago with multiple-expan- 
sion reciprocating engines. Also, the precedent for 
high pressures and high temperatures had been estab- 
lished. ‘The reviving of these old practices has been 
brought about by the great increases in costs of fuel 
and labor, which have justified the purchaser of power 
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plant machinery in investing larger sums per kilowatt \ 
output than were formerly justifiable. 


Binary Vapor CycuteE NEeps New MeEpium’ 


Reports indicate that the mercury binary-fluid 
turbine at Hartford has been performing in accordance 
with expectations and has shown a substantial improve- 
ment in overall economy. It is not thought, however, 
that the mereury-vapor cycle is the final solution of the 
multiple-vapor heat cycle, principally because of the 
high cost and limited known supply of mereury and 
also because of its highly poisonous nature, although 
the latter, as far as we are aware, has not been the 
cause of any serious difficulty in the Hartford instal- 
lation. 

Our hope here for the future must rest with the 
chemical engineer, as it seems not beyond reason that 
some chemist with a thorough understanding of the 
necessary characteristics of an ideal medium from the 
thermodynamic and practical standpoints will produce 
some new compound which will revolutionize power 
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FIG. 3. EFFICIENCY RATIOS OF CENTRAL STATION TUR- 
BINES HAVE INCREASED TO OVER 83 PER CENT 


generation. None of the mediums which it has thus far 
been sought to employ fulfills all the requirements. They 
have the objections of being explosive when mixed with 
air, poisonous, excessively high pressures in the work- 
able thermal range, become solid in the boiler when 
cold, or subject to decomposition in the boiler if acci- 
dentally overheated. In addition, for many of these 
the use is precluded by the cost. 


IMPROVEMENT IN GENERATORS Has AIDED 


One of the most serious hindrances in the early de- 
velopment of steam turbines was not only the limitation 
of speed set by the materials then available for turbine 
construction, but also the limitation imposed by the 
design of generators. Thus, in 1900, about 600 kw. was 
the highest-capacity generator which could be safely 
built for 3600 r.p.m. with the designs then employed. 
Improvements in materials permitted gradual increases 
in the size of generators which could be built to operate 
at 1800 and 3600 r.p.m., until the capacity at 3600 
r.p.m. reached approximately 5000 kv-a. Then a new 
obstacle was encountered due to the method of ventila- 
tion employed. In the early designs of machines, this 
was of the axial type, that is, air was forced through 
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slots under the windings in the rotors, through the air 
gap and through passages in the stator lamination. It 
is obvious that with this system of ventilation, with any 
reasonable expenditure of power, only a limited amount 
of air could be forced through the generator and fur- 
thermore, the discharge end had a much higher tempera- 
ture rise than the inlet end of the air passages. 

Notable advance in generator design was made by 
the development of the radial-flow type of air circu- 
lation, in which the air enters radially at several points 
through spaces between groups of laminations, divides 
to flow axially towards each end and is discharged 
through other radial spaces between laminations. With 
this system of ventilation, only mechanical considera- 
tions limit the lengths and capacities of generators 
which ean be built for any given speed. The present 
limits are approximately 25,000 kv-a. for 3600-r.p.m. 
and 125,000 kv-a. for 1800-r.p.m. generators. Another 
fé&etor which has led to increased efficiency in generators 


2am 


UNIT PURCHASED IN 1928. 
L/Ponir K.W. SINGLE CYLINDER 








@ 
n 





@ 


UNIT FOR LAKESIDE 





@ 
° 


290*- 280°- 29" 
STRAIGHT REACTION LP BLADING 
LAST BLADE ANNULUS 83:1 SQ.FT. 





~~ 
wo 


fia : ae 
4 am 
UNIT P' 


PURCHASED IN 1924 
35000 K.W. SINGLE CYLINDER 
UNIT FOR CAHOKIA 





~ 
@ 

















| 
o ~~ 








~ 
wow 


300*-250°- 29" 
MULTIPLE FLOW L.P BLADING 
LAST BLADE ANNULUS 84-0 SQFT. 


(AT COUPLING) 





ENGINE EFFICIENCY 
x 





~ 
w 





~ 
Nn 


























= 


COMPARISON OF 
SINGLE CYLINDER CENTRAL STATION 
| | TURBINE EFFICIENCIES. 
1 1 i re = | 


~) 
o 
































0 20 40 60 80 100 120 140 

PER CENT OF FULL RATED LOAD. 
RECENT DEVELOPMENTS SHOW A DEMAND FOR 
HIGH EFFICIENCIES AT PARTIAL LOADS 


FIG. 4. 


is the system of transposing the windings in the slots to 
reduce eddy currents and equalize the currents carried 
by the various conductors, thus avoiding dangerous hot 


spots. Material improvements have also been made in 
the stator iron. 

These generator improvements have been responsible 
to a considerable extent for the overall improvement in 
turbine-generator efficiency. 


HyproceN Coouine Raises Capacity 


Another improvement in generator efficiencies and 
increase in capacity at given speeds is on the verge of 
commercial introduction ; that is, the system of hydrogen 
as a cooling medium in place of air. The obvious ad- 
vantages of hydrogen as a cooling medium are its high 
specific heat at constant pressure, i.e., 3.5, and its low 
density, approximately 1/14 that of air. The high 
specific heat makes it a good cooling medium and the 
low density reduces the windage and ventilating losses 
to a negligible amount. A gain of 25 to 30 per cent in 
rating of the same frame is obtained. 

Another advantage of hydrogen as a cooling medium 
is that, when kept free of air, it acts as a fire extin- 
guisher, since it will not support combustion. 

Most of the serious problems in conjunction with the 
use of hydrogen as a cooling medium have been quite 
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satisfactorily solved. Special glands for preventing the 
escape of hydrogen and the possible contamination with 
air have been developed. Sensitive automatic pressure- 
control means have been devised for keeping the atmos- 
phere of hydrogen within the generator at a slightly 
higher pressure than that of the atmosphere, so that 
any leakage will be out of the generator instead of in. 
Very sensitive indicators, which are thoroughly reliable 
for indicating the percentage of air present in the 
hydrogen, have been developed. 


INTERNAL COMBUSTION TURBINE Not IN SIGHT 


While Hanz Holzwarth and others have done a great 
deal of experimental work on the internal combustion 
turbine, there is no authentic indication at present that 
the solution of the tremendous difficulties involved is 
any nearer at hand than ever. While something may 
develop along this line, the results of past experience do 
not make the prospects look very encouraging. 


CoMMERCIAL Factors IN LARGE TURBINE DESIGN 


High blade speeds involve serious problems in the 
manufacture of low-pressure blading. Long low-pres- 
sure blades must be tapered from tip to base to keep 
down the centrifugal stresses. Blades must be designed 
and so located with respect to their base section that 
serious bending stresses will not be introduced through 
eccentric loading. They must be designed so that the 
stress introduced by steam pressure differences and by 
the driving effort will be within the required limits. 
The large wire holes in the high spindle blades are reén- 
forced with integral bosses to restore the strength of the 
sections. The heat-treated stainless steel is used for the 
longer and more important low-pressure blades. 

Formerly, it was believed desirable to furnish ex- 
haust outlet areas in which the steam velocity would 
not exceed 200 ft. per sec., in order that there might be 
a good distribution of the steam and water mixture over 
the condenser tubes. Starting at 7.3 sq. ft. of exhaust 
outlet area per thousand kilowatts in 1900, about 3.0 
sq. ft. per thousand kilowatts are used at the present 
time. The 165,000-kw. No. 9 unit at Hell Gate has but 
2.5 sq. ft. for each thousand kilowatts of rating. Pur- 
chasers have, in the past, criticized machines as having 
unnecessarily large conduit between the low-pressure 
blades and the condensers. As reductions in the size of 
the exhaust chamber are accompanied by some reduc- 
tions in costs, these have been made, although with 
higher steam velocities in the exhaust chamber, the diffi- 
culties with condenser-tube vibration and wear are 
bound to increase. 

Further reason for the reduced exhaust chamber size 
is the progressive increase of leaving losses from the 
last row of blades. In the latest turbines of large size, 
there would be little advantage in exhaust chambers of 
increased areas, as it would be difficult to slow down 
the steam to fill more generous areas in the short pas- 
sage space available for diffusion. 

Tip speeds of central station turbines have pro- 
gressed from about 400 ft. per second in 1900 to 1060 
ft. per second in 1928, and probably to 1257 ft. per 
second in 1930. 

Blade lengths, taken over the same period of time, 
start at about 6 in. in 1900 and reach 32 in. in 1928, 
with a temporary ending point at 40 in. in 1930. 
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Area of the last low-pressure blade annylus per 
thousand kilowatts of rating has varied for a number 
of reasons. The early machines, being of low capacity, 
could be made liberal with little increase in cost. As 
ratings and generator speeds increased, the area of low- 
pressure blade annulus per thousand kilowatts was 
gradually reduced. Around the period of 1915, a large 
number of double-flow machines of low rotative speed 
were built, with more liberal low-pressure blade areas. 
More generous low-pressure blade areas also were made 
necessary because of the general reduction of condenser 
pressures. Exhaust blade areas tended to increase until 
about 1924. It was at this time that the first, single- 
flow, high-blade-speed machines went into service. Fur- 
ther study indicated the way to maintain the market 
efficiencies and reduce the size of the turbines, mainly 
through the use of increased blade speeds. 

Variation in leaving loss when considered against 
years is surprising, because it shows that turbines were 
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becoming crowded around the year 1915. Later, as the 
double-flow and multi-cylinder units came into being, 
the low-pressure blade areas, in spite of the reduced 
condenser pressures, were made more generous than in 
preceding years. In 1924, the curve developed a sharp 
upward tendency, because of commercial conditions. 

Weight per kilowatt of rating for large turbine and 
generator units, not including exciters or house gen- 
erators, starts at 75 lb. per kilowatt of rating in 1900 
and ends with about 17.5 lb. at the present time. 

Progress of engine efficiencies from 1900 to the 
present time indicates that economic considerations in 
turbine design are limiting the possibility of increase in 
engine efficiencies, as far as the present tendency is con- 
cerned, although it is evident that, by a reduction of 
leaving losses or by improvement of conditions, at the 
high-pressure end, as to volume of steam flow, it might 
be possible, with multi-cylinder units, to realize still 
further improvements. 


Improving Condenser Performance 


CLEAN CONDENSER TUBES AND IMPROVED Desian In- 
CREASE VACUUM FROM 25 To 28.3 IN. By V. E. JoHNSON 


ANY CONDENSER installations, not of recent de- 

sign, exist where poor vacuum is being obtained 
and where the application of knowledge gained through 
the experience of others might prove helpful. We are 
using two horizontal surface condensers, of two-pass 
design, having 3000, 34-in. tubes about 17 ft. 3 in. long 
giving approximately 10,000 sq. ft. each of condensing 
surface. These condensers are connected to and receive 
all the steam from the exhaust of 5000-kw. steam tur- 
bines. The ratio of condenser surface to turbine capac- 
ity is therefore 2 sq. ft. per kw., a liberal figure so that 
reasonable vacuum conditions should be expected. 


CoNDENSER TUBES Borep Out Every 3 Mo. 


Water conditions were peculiar and corrective equip- 
ment not being included in the original design of the 
plant, our operating engineers were faced with the 
problem of operating with low vacuum or providing 
corrective equipment. The water for all purposes is 
pumped from wells and contains calcium and magnesium 
carbonates to the amount of 10 gr. per gal. This water 
was being used in raw state for circulating over cooling 
towers and through the condensers, resulting in bad 
sealing of the condenser tubes. Cleaning of condenser 
tubes was being done by means of a boring machine 
using a standard twist drill bit with small hole bored 
through the shank and opening into the flutes of the 
drill so that water pressure could be applied through 
the long drill rod for flushing the tube ahead of the 
drill. 

Boring the 3000 tubes in this manner required nearly 
a month working two shifts a day. This length of time 
for boring seems excessive but when we consider that 
the boring operation required a jointed drill rod be- 
cause of limited space at the end of the condenser and 
that the tubes, if laid end to end, would be 10 mi. in 
length, it may be realized what labor was required for 
the job. This work. had to be repeated every three 


months particularly when the plant was being operated 
under load. As the main part of the system load was 
carried by hydraulic plants, this gave us occasional re- 
lief time to do the cleaning, the steam plant being 
operated on peak season loads or for marginal power. 
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Of course there was only one solution to this prob- 
lem and that was the installation of water softening 
apparatus to remove the carbonates. This was done 
and thereafter all water was softened as soon as pumped 
from the well. The softened water, however, did not 
remove the old carbonate scale remaining within the 
tubes so that acid was used to clean the tubes thor- 
oughly. For this, 100 carboys of hydrochloric acid were 
used in two dosings for each condenser. 
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Condenser heads were removed before dosing, so that 
all exposed metal parts could be painted with asphaltum 
varnish or other acid resisting paints. The water boxes 
and tubes were then filled with water, pipe connections 
made to the handhole plates of the two passes and acid 
solution pumped into the lower pass so that the overflow 
would return from the upper handhole plate connection 
to a barrel reservoir near the pump. The pump was 
made of zincless bronze with an enameled impeller and 
lining so that the acid would not destroy it. 

Circulation was continued for about 48 hr., the liquid 
passing through one pass and returning by the other 
pass in the direction of the normal water circulation. 
Fresh acid was added by pouring into the barrel from 
which the pump took its suction. When it appeared that 
the seale within the tubes would not neutralize any more 
acid the condenser was immediately flushed out and the 
process stopped. We realized little damage to the tube 
sheets from this but there was some dezincification of 
the condenser tubes, which, however, never caused any 
great loss of tubes. 


CONDENSER TUBING CHANGED 


Vacuum obtained in the condenser when the tubes 
were dirty was as low as 15 in. Hg. After boring, this 
was restored to 25 and after dosing with acid the vacuum 
came up to 26, which was encouraging but still much 
below the proper mark for economical operation. Use 
of the softened water relieved us from the laborious 
task of boring the tubes so we decided to try for further 
improvement and began to study the question of steam 
flow within the condenser. 

Inspection of the steam surface of the tubes revealed 
a coating of dust colored deposit which seemed to be 
bound to the tube with a binder of an oily nature. This 
was soon identified as coming from steam cylinder oil 
that was being fed into auxiliary engines, which in turn 
exhausted into open feedwater heaters. These heaters 
were provided with filters for removing the oil and 
skimmers for the same purpose but apparently consid- 
erable oil was not removed. Boiling solutions of lye 
were agitated about the condenser tubes with an air jet, 
washing soap solutions and patented chemical cleaning 
were applied in the same manner but removed little of 
the coating from the tubes. 

The vacuum pump discharged a great deal of vapor 
with the noncondensable gases. An aftercooler should 
have been added to the condenser to cool down the 
gases and condense the moist vapors but there was little 
space in the condenser for the installation of an after- 
cooler. Further study of the design of the condenser 
revealed the possibility of vapor passing directly into 
the discharge to the vacuum pump without circulating 
about the condenser tubes. 

Condenser tubes were collected in large groups, 
above was a sloping baffle plate apparently placed there 
to prevent condensate dripping upon the group of tubes 
below. These baffle plates in our opinion interfered 
with the proper circulation of vapors within the con- 
denser. The groups of tubes were placed so as to pro- 
vide a large clear V-shaped lane down the middle of the 
condenser, apparently allowing vapor to pass from the 
bottom of this V-shaped lane almost directly into the 
discharge to the vacuum pump. 

We inquired of the manufacturers if a condenser of 
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modern .design could not be made to fit the shell of the 
original condenser and were greatly pleased to receive 
a reply in the affirmative, stating that new condenser 
heads could be furnished at a reasonable cost drilled for 
tube arrangement on a modern plan and allowing for 
the aftercooler to be built within the condenser by 
means of baffling. 


TUBES CLEANED WITH GASOLINE 


Orders were placed for the new heads at once. They 
were received in due time and installed. This complete 
overhauling was an effective piece of work, making it 
convenient for us to give the tubes the thorough clean- 
ing that we had not been able to accomplish by use of 
the lye and ehemicals while in place. Each tube was 
washed with gasoline, then run through a brushing ma- 
chine consisting of two motor-driven wire brushing 
wheels one above the other, then washed in gasoline 
a second time. Test of satisfactory cleaning was made 
by dipping the tubes in water to see if the surface 
would be entirely wet or if the water refused to adhere 
to the tube surface. 

During the study of the condenser problem, we solved 
the oil problem by declaring some of the auxiliary 
pumps to be obsolete and replacing them by turbine- 
driven units and replaced the vacuum pumps with 
steam jet units. 

After reassembling the condensers with the new 
heads and having the tubes cleaned both externally and 
internally, we found that we had obtained an increase 
in vacuum that was highly gratifying, being, under nor- 
mal temperature of circulating water, about 28.3 in. 
Occasionally we find it slightly lower but we are able to 
restore it to this point again by shooting rubber plugs 
through the tubes to remove a slight filmy deposit which 
does not harden to form a scale. Where the loss of 
operating time on the condenser once was four months 
out of an operating year we now lose four periods of 8 
hr. each when we find it convenient to do the work. 

In the operation of cooling towers, we have prac- 
tically no trouble from scale forming or the growth of 
algae on the lath and distribution troughs due to the use 
of the softened water. 


Racks In hydraulic power plant intakes should be 
inspected periodically to be sure that trash is not build- 
ing up from the bottom. Often rakes do not reach to 
the bottom of the intake or the pile of trash is mistaken 
for the bottom of the intake until the available area is 
reduced to a point where it causes a noticeable loss of 
head. 

Needle or frazil ice also collects on the lower part of 
the rack and although, in most cases, the formation of 
this ice is great enough to cause difficulties which can- 
not go unnoticed, there are times especially where in- 
take velocities are low where but a small amount of this 
ice reaches and clings to the racks. Troubles due to ice 
have been almost completely solved by the use of elec- 
trically heated racks. 


WHENEVER incomplete combustion occurs in a two- 
eycle internal combustion engine or too much eylinder 
lubricating oil is used, the resultant carbon deposits are 
detrimental as they accumulate and tend to clog up the 
exhaust ports. 
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Auxiliary Drive Practice in Power Stations’ 


Sources or AUXILIARY Power, TYPES oF Motors 


USED 


RESENT PRACTICE with regard to auxiliary 

drive has been summarized below from the data ob- 
tained from a list of some 21 stations. These data are 
believed to be sufficiently comprehensive to be repre- 
sentative. Generating units in these stations range in 
individual capacity from 12,500 kw. to the largest being 
operated. 

Motor drive of auxiliaries is used in all cases except 
one, in which steam drive is used in the main auxiliary 
power. The installation of a steam driven boiler feed 
pump for reserve services appears to be universal, how- 
ever, while in a small number of cases duplicate motor 
and steam drives are’ used in some of the more necessary 
auxiliaries. In approximately half of the stations, the 


auxiliary layout is designed and operated on the unit 
system; that is, each turbine generator and its corre- 
sponding essential auxiliaries form a unit. 


MetHops or Powrr SUPPLY 


The sources of auxiliary power and their relative use 
are shown by the following tabulation: 


Source of Auxiliary Power Relative Use 
Transformers ahead of generator switch... 22 per cent 
Generators on main unit shaft 22 per cent 
Installations of house turbines 39 per cent 
Transformers on buses or supply from other 


stations universal 


Transformers connected ahead of the generators 
assure energy whenever the main unit operates and with 
proper protection by relays and oil switches, line dis- 
turbances will not cause an outage of auxiliary power. 
In the case of machines feeding a large system, however, 
operating conditions may be such that the machine 
voltage and consequently the auxiliary voltage varies 
between unduly wide limits. 

Shaft generators have the advantage of isolation and 
insure an auxiliary supply whenever the main unit is 
running. For starting up the auxiliary can be thrown 
upon the emergency bus, or normally open time switches 
can be closed. The shaft generator increases the space 
required for the unit substructure and foundations and 
adds somewhat to the unit cost. It has the disadvantage 
that electrical and mechanical failures may require a 
shut-down of the main unit for repair. 

Most generators driven by separate steam turbines 
provide maximum of separation and with standby ma- 
chines or motor generators should meet the require- 
ments from the standpoint of reliability. As the trend 
today is toward large units, the auxiliary power de- 
mands for turbine and boiler units is passing beyond 
several thousand kilowatts and the turbines, especially 
if of the 3600 r.p.m. design may be built with good 
steam rates, materially lessening the advantages of the 
shaft driven generator which operates at speeds of 1200 
to 1800 r.p.m. 


*Abstracted from the annual report of the committee on 
power generation of the A.I.E.E. presented at the summer 
convention of the A.I.E.E., at Swampscott, Mass. 


AND MetTHOopS OF CONTROLLING THEM 


Special windings on the main generator are being 
considered, but as the auxiliary voltage would be de- 
pendent upon the main field excitation, and this would 
be varied in accordance with the system demands, it is 
necessary to provide a suitable arrangement to keep the 
auxiliary voltage reasonably constant. This scheme has 
the disadvantage that failures in either standard wind- 
ing may be communicated to the other windings and 
result in having the main generator out of service for 
slow and expensive repairs. 

Motor generators, a.c. to a.c. may be used instead of 
transformers, but they introduce additional: rotating 








TYPICAL MOTOR DRIVE FOR CONDENSER CIRCULATING 
WATER PUMPS 


machinery which requires more attention, is more liable 
to fail and is more expensive than transformers. 

The motor-generator set or house generator are two 
logical solutions for d.c. power. A recent development 
in rectifiers for railway service may result in their 
application in power stations. A synchronous converter, 
of course, could be used instead of a motor generator 
but it does not provide complete electrical separation of 
a.c. and d.c., does not give the voltage range and is not 
inherently as stable as the motor-generator service. 


Types oF Motors 


For some apparatus the wound motor is particularly 
well adapted. If the speed range does not exceed 
approximately 40 per cent, the commercial type control 
apparatus, with a multiplicity of speed points, may be 
employed. For a speed range comparable to that of 
a d.c. motor, double winding, slip ring motors are avail- 
able but the control gears become unduly complicated 
and expensive and the motor is special so that first cost 
and replacements are high. The brush-shifting motor 





POWER PLANT 


1058 


is liable to spark, is expensive and higher in mainte- 
nance than other types. The commercial size is limited 
and it is not available for some of the large auxiliaries 
at the new stations. 

Direct current motors lend themselves readily to a 
wide range of speed control with little sacrifice in econ- 
omy and with relatively inexpensive control equipment. 
The commutator motor is not desirable for a dusty or 
gassy atmosphere but then the machines may be totally 
enclosed and vented from the outside. In order to 
insure stability of motor operation the direct-current 
motor for wide speed ranges should be designed for a 
substantial ampere-turn current excitation over the 
whole range. 

For the usual plant, 2300-v. motors are used above 
50 hp. and below this, 440 or 220 v. are well adapted, 
as it makes available the larger stocks of the motor 
manufacturers. The selection of the auxiliary voltage 
and changeover motor size, cannot be governed by 
any hard and fast rule, but should be the basis of study 
for each installation, considering not only the economy 
but also the reliability and simplicity. The central sta- 
tion is built up around reliability of service and this is 
materially added if special insulation, that is, better 
than the commercial standard is used on the station 
auxiliaries. 

The synchronous motor has not found a wide field 
of application in the power plant but for driving such 
of the non-essentials as do not require speed variations 
it could also be used to advantage. By designing for 


power factor correction, the voltage variations on the 
auxiliary bus can be reduced and at the same time in- 


crease the power which can be drawn from the auxiliary 
transformer or generators. The larger motor manu- 
faeturers are now building synchronous motors with 
special clutching arrangements so that the synchronous 
motor may be used on a system requiring high static 
torque. 

ConTROL CONSIDERATIONS 

There was a tendency a few years ago to improve 
the economy of auxiliaries by wide speed variations in 
many speed points. Experience has shown that in a 
number of cases it was carried too far as the cost and 
complications overbalanced the economy shown on 
paper. Today it is realized that it is economically sound 
to sacrifice some calculated advantages in the interest 
of simplicity and reliability. The single or multiple- 
speed squirrel-cage induction motor is being applied in 
many cases where previously a wound rotor or direct- 
current motor would have been used. 

Across-the-line starting eliminates the starting 
equipment, but where this is used for large motors it 
may be necessary to provide a means for maintaining 
the auxiliary bus voltage. When auxiliaries must be 
started frequently the manufacturer should be consulted 
to insure that the oil switches are equal to the unusual 
duty imposed upon them. 

Some engineers look with disfavor on the multi- 
plicity of small oil switches involved with an auxiliary 
voltage of 2300 or 4000 as these switches require more 
space than circuit breakers or latched in contactors and 
ure not as readily inspected and serviced. For an in- 
stallation without excessively long runs and in which 
the plant expansion is definitely limited, a complete 
estimate of the probable ultimate can be made with a 
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fair degree of accuracy and the economic as well as the 
important intangibles studied before reaching a decision 
on the design. With large motors the proper require- 
ments will be large, but by interleaving the buses and 
with special transformers the total voltage drop can be 
held within practical limits. Both circuit breakers and 
contactors are available capable of repeatedly inter- 
rupting currents up to 20,000 amperes and 440 v. 

For control circuits the engineer has the choice of 
a.c. solenoid contactors operated either by a.c. or d.c. 
control systems. If the d.e. control is used it has the 
advantage of being unaffected by fluctuations of the a.c. 
voltage. It is quiet and the solenoid currents are not 
affected by magnetic conditions. For some installations 
these advantages more than compensate for the added 
complication of the separate control systems. 


PROTECTIVE DEVICES FOR AUXILIARIES 

Operating engineers are not agreed on the question 
of overload protection for auxiliaries. The type of pro- 
tection depends somewhat upon the installation. In a 
plant with the essentials in more than one unit, overload 
relays that will protect the auxiliaries without causing 
a shut-down of the main unit are a logical arrangement. 
Where the plant requires operators for the auxiliaries 
the overloads have been set at stalled motor current and 
in the event of overload the motors are allowed to run 
hot until the trouble is remedied by the operator. 

Completely centralized control and control at the 
auxiliaries have their applications, the former being 
somewhat more costly for the equipment and installa- 
tion. Control at the machine makes it necessary to have 
additional personnel, but in a large plant it is essential 
that the machinery be regularly examined and generally 
these men are available for operating the control. 
Control adjacent to the motor reduces the possibility of 
starting a machine with men working on it and has the 
important advantage that the operator starting up can 
see the apparatus and assure himself that it is func- 
tioning satisfactorily. 

A study of the central station records shows an in- 
creasing number of kilowatt-hours sent out per man and 
an increasing use of automatic combustion and boiler 
feed control. Some of the combustion control equip- 
ment has required a large number of speed points which 
has made the first cost of the control and motors high. 
Multi-speed squirrel-cage windings, with fine adjust- 
ments on the dampers, will provide a simpler and 
cheaper solution and in many cases can be designed so 
that there is little sacrifice in economy over the operat- 
ing rating. Boiler feed pumps do not involve any 
special problems other than the multiplicity of speed 
points which some of the control systems require. Usu- 
ally the speed range is relatively small on account of 
the inherent characteristics of the centrifugal pump 
and the necessity to keep the discharge pressure at all 
times in excess of the normal operating pressure of the 
boiler. The advent of boiler pressure of 1200 lb. and 
above has resulted in the development of the 3600 r.p.m. 
wound rotor motor for driving the high-pressure pumps. 

On account of the fire and explosion hazard, pul- 
verized fuel installations should be designed to eliminate 
the possibility of sparking of control devices or motors 
in a dusty atmosphere. Good housekeeping is one of 
the best safeguards. 
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BOILER 


Meets Modern Conditions 


ALTHOUGH LIMITED IN PRESSURE AND Size, TUBULAR BorLERS ARE ADAPT- 
ABLE TO Many CONDITIONS OF INSTALLATION AND METHODS or Firina 


OLLOWING the introduction of high pressures and 

the demand for high ratings, the research and de- 
velopment work carried on with the newer water tube 
boiler overshadowed the older tried and proven hori- 
zontal return tubular boiler which played such a prom- 
inent part in the industrial development of this country. 
In spite of the apparent eclipse, the tubular boiler, both 
in the total number of installations and total capacity 
continues to hold its own and approaches, if it does not 
actually exceed, corresponding figures for water tube 
boilers. 

For equal sized units, with the same equipment and 
operation, the efficiency of a tubular boiler is equal to 
that of water-tube boilers but being confined to mod- 
erate pressures and smaller sizes the efficiencies do not 
compare with published figures of large modern high- 
pressure water tube installations. Fundamentally, the 
horizontal return tubular boiler is not adapted to high 
ratings and 150 per cent is conservatively placed at a 
fair limit for efficient operation although 175 and 200 
per cent can be obtained but at the expense of excessive 
uptake temperatures and corresponding flue gas heat 
losses. 

Except in special cases, the field is limited to medium 
and small size units at low or moderate pressures. It is 
expected that any tendency toward the use of purchased 
power will widen the field of this type of boiler because 
of the increased demand for low-pressure heating and 
process steam. 

The boiler and available furnace design are well 
adapted to the use of all types of fuel and firing. Hand 
firing gives the cheapest possible installation although 
if good firemen are not available, a hand or mechanical 











FIG. 1. A PULVERIZED COAL INSTALLATION SHOWING 
THE LARGE FURNACE VOLUME AVAILABLE WITH THIS 
TYPE OF FIRING 


stoker is advisable. Forced draft stokers are popular, 
principally because of their ability to handle peak loads 
with more or less smokeless combustion. The long fur- 
nace, practically the entire length of the boiler, makes 
an ideal furnace for pulverized coal and many success- 
ful installations have been made. Figure 1 shows the 
cross section of one such installation while Fig. 2 shows 
the compact arrangement and neat appearance of a pul- 
verizer installation that has been in successful operation 
for a considerable period. It will be noted that the 
entire equipment occupies less than would be required 
for a well-arranged hand-fired plant. 


PreEssuRES LimItep By THICKNESS OF SHELL 


Boilers of this type are built in a variety of sizes up 
to and including 96 in. in diameter, 20 ft. long, some of 
the more common sizes being 30, 36, 54, 60, 66, 72, 78 








FIG. 2. 130-HP. PULVERIZED COAL INSTALLATION AT 
THE HOOKLESS FASTENER CO. PLANT AT MEADVILLE, PA, 
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BLOW-OFF TRENCH 


SUSPENDED 84-IN. BY 18-FT. BOILER SETTING 
ARRANGED FOR UNDERFEED STOKER AND WITH OVER- 
HANGING FRONT 


and 84 in. Heating surfaces of the different sizes vary 
somewhat with the diameter, length and arrangement of 
the tubes, practically all sizes being built with 3, 314 
and 4-in. tubes as desired. 

Allowable pressures for different size shells are de- 
termined by the thickness of the metal and range from 
144 lb. per sq. in. with 1%4-in. plate in a 72-in. boiler to 
212 Ib. per sq. in. for the same size with %4-in. plate. 
Corresponding figures for an 84-in. boiler would be 84 
lb. for 14-in. plate and 182 lb. for 34-in. plate. 

Probably the greatest advance in boiler practice of 
recent years has been the improved methods of setting. 
Boilers used to be set low, sometimes less than 2 ft. 
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FIG. 4. 


WITH THE SOOT BLOWER SHOWN IN FIG. 5 


THIS BOILER IS INSTALLED IN THE GOOD 
SAMARITAN HOSPITAL AT CINCINNATI AND IS EQUIPPED FIG. 6. 





SOOT BLOWERS DO MUCH TO MAINTAIN HIGH 
BOILER EFFICIENCY 


FIG. 5. 


above the grates, whereas they are now sometimes set 
over 6 ft. for use with high volatile coal. Figure 3 
shows a recent installation at the Good Samaritan Hos- 
pital in Cincinnati set 9 ft. from the floor. This boiler 
is fired by an underfeed stoker as shown in Fig. 4, and 
has the soot blower shown in Fig. 5. 

These boilers are commonly set with either a flush 
front as shown in Figs. 6 and 7 or with an overhanging 
front as shown by Fig. 1, 2, 3, 4. The flush type is 
widely used but the walls must be kept in good repair 
because, if the bricks over the door fall, the dry sheet 
in the front would be exposed to the hot gases from the 
furnace. In the days when hand firing was used almost 
entirely, this form of setting was more popular because 
it did not interfere with the free movement of firemen 
as did the low set overhung front. 


SusPENDED Settinc ALways Usep witH LarGE SIzEs 


Smaller sizes are commonly made with brackets on 
the side and these brackets resting on the brickwork 
support the boiler, and with one set on rollers, allow 
free expansion. Above 78 in., however, the A.S.M.E. 
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TYPICAL FLUSH FRONT SETTING FOR AN 84-IN. 
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and some state boiler codes require an outside suspen- 
sion setting with the boiler supported entirely inde- 
pendent of the brickwork. Details of such a setting for 
a battery of two boilers are shown in Fig. 6 and 8. 

In this setting, the boiler is suspended from trans- 
verse beams by’ 4 rods which engage forged hooks 
riveted to the boiler. Two I beams supported by H sec- 
tion columns make a satisfactory support although cast- 
iron columns are preferred by many engineers. The 
column should be clear of the brick walls as recessing 


FIG. 7. A MODERN INSTALLATION WITH THE SETTING 
COMPLETELY ENCLOSED BY A STEEL CASING 


them in the wall as is sometimes done weakens the wall 
and subjects the column to higher temperatures. 

Stability is given the structure both by cross bracing 
and by the brick walls. Figure 7 shows a typical well- 
designed setting. This setting, at the Cincinnati Street 
Railway’s ear repair shops, is also totally enclosed by a 
steel casing which is backed by 2 in. of insulation as 
shown in Fig. 8. 


Arr SPACE IN WALLS WEAKENS THE STRUCTURE 


In some sections of the country, especially New Eng- 
land, the walls are commonly built with an air space 
which not only weakens the wall structurally but does 
not improve the insulation value of the wall. In fact, it 
is probable that the heat loss through a solid wall is less 
than through an air space wall of the same thickness. 

Buckstays are not always used, but if properly made 
give the setting considerable support. They should be 
rigid enough to give uniform pressure over their entire 
length because if they are not they invariably start cracks 
from local pressure. Channel irons placed back to back 
and held by the tie rods running the entire width of the 
setting as shown at the rear of the boiler in Fig. 4 are 
satisfactory. 

Recently there has been a tendency to use all fire- 
brick in the wall construction. In either case, whether a 
combination of red and fire brick, or all fire brick be 
used, they should be laid up with thin joints in level 
courses with the inside and outside courses well bonded 
and tied together. The walls should be carried up one 
course at a time and not by building up the inside and 
outside walls and filling the intervening space with any 
material that is handy. 
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B.LoworF Pire SoMETIMES Put at Front ENp 


Usually the rear end is set an inch or two lower than 
the front end on the theory that solids and sludge will 
tend to work back toward the lower end near the blow- 
off pipe. The blowoft pipe should be well protected, 
preferably by special U-shaped tile and lead out through 
the rear wall through a sleeve large enough to provide 
for free expansion and contraction.. Some boilers are 
now being put in with the blowoff pipe at the front end. 
This keeps the pipe away from the heat of the furnace 
but there is little to show whether this arrangement is 
more or less advantageous from the standpoint of sludge 
removal from the boiler. 

In general, both the first cost and setting of a hori- 
zontal return tubular boiler are much less, ranging from 
60 to 80 per cent that of a water-tube boiler of the same 
size. Efficiencies are good; the boilers have a long life 
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FIG. 8§ FRONT ELEVATION AND HALF SECTION OF THE 
SETTING SHOWN IN FIG. 6 


and the resulting plant is simple and rugged. Super- 
heaters are available in case superheated steam is desir- 
able or necessary while both economizers and water 
walls have been, and are being, successfully applied. 
As a rule, the small sizes do not justify the additional 
expenditures necessary for refinements of efficiency, al- 
though such devices are available and are being used 
in special cases where conditions justify them. 


STEAM VELOCITIES in boiler, engine and turbine leads 
should be kept within certain limits which good prac- 
tice has set more or less arbitrarily. Conservative prac- 
tice is about 6000 ft. per min. for boiler leads, 9000 ft. 
per min. should be the maximum for steam engine leads 
while for turbine operating under constant load veloe- 
ities as high as 12,000 are sometimes used. 


A convenient formula to remember is that the prod- 
uct of the weight of steam in pounds flowing per minute 
and the specific volume in eubie feet in pounds must 
equal the product of the internal area of the pipe in 
feet times the velocity in feet per minute. In long 
lines and headers, the limiting factor in design is the 
allowable pressure drop between the two ends of the 


pipe. 
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Marine Diesel Engine Maintenance and Repair 


DieseL ENGINE ACCIDENTS, THEIR CAUSES AND METHODS OF Repair. APPLI- 


CABLE TO STATIONARY AS WELL AS MARINE SERVICE. 


APID PROGRESS has been made during the past 

10 yr. in the development of the marine Diesel 
engine. Today there is practically no type of self- 
propelled vessel, in which Diesel engines have not been 
installed or for which such installation has not been 
planned. 

Maintenance and repair of ships and their machinery 
is essentially a shipyard function, because watch-keep- 
ing requirements and lack of adequate facilities on 
board ship limit the engine-room personnel to compara- 
tively minor maintenance work. The ship-repair yard, 
then, offers a good point of contact where accurate and 
comprehensive information regarding operative require- 
ments and comparative performance of miscellaneous 


FIG. 1. CYLINDER HEAD SPLIT OPEN TO SHOW DEPOSITS 
IN WATER SPACE 


engine designs can be obtained. A large ship-repair 
organization may be called upon to render service to 
several thousand ships each year and among these will 
be vessels of all nationalities and sizes with all types of 
machinery. - 

Experience has developed the fact that for work on 
the marine Diesel engine, especially for fitting up and 
assembly on board ship, machinists with rather special 
qualifications are required. The ordinary requirement, 
skill in mechanical work, should be supplemented by 
thoroughness, patience and dependability, as well as by 
some understanding of the fundamental differences in 
the nature and functions of the elements of the Diesel 
and steam plants. 


Repair Work REQUIRES SUPERIOR WORKMANSHIP 


Necessity for thoroughness arises from the fact that 
it is not practicable constantly to supervise the work of 
each individual as is illustrated by an extensive repair 
job to a piston cooling service recently executed by the 
author. In this case, the brackets supporting the swing- 
ing pipes used for conveying cooling oil to and from the 
pistons were secured by studs with eastellated nuts, the 
usual hole being provided in the stud for inserting a 
cotter pin. During assembly at the works of the builder, 
the castellations on some of the nuts did not line up with 
the holes and the nuts were backed off by a eareless 
workman until the cotter pins could be inserted.- This 
left several nuts loose and during operation of the 
‘engine at sea the brackets carried away, causing the 

*Consulting Engineer, Brooklyn, N. Y. Abstract of paper 


presented at the Second National Meeting of the A.S.M.E. Oil 
rr Gas Power Division, held at State College, Pa., June 26, 


By Louis R. Forp* 


heavy swinging arms to smash things up badly before 
the engine could be stopped. Aside from the possibilities 
of breakage such as this, lack of thoroughness may 
necessitate some expensive work to correct some minor 
defect that is buried in the accessory structure of the 
engine. 

During recent installation of a new engine, a pre- 
liminary test of air lines after erection disclosed a leak 
at the junction of the high-stage compressor discharge 
pipe and the after-cooler coil. Investigation disclosed 
that the small collar on the end of the copper pipe of 
which the coil was formed, was brazed only on one side. 
The actual brazing needed to correct this defect re- 
quired only 30 min. in the shop but so much of the 
engine structure had to be dismantled to get the coil out 
that it required four men working three days to remove 
and replace it. 


FURTHER STANDARDIZATION NEEDED 


Construction and arrangement of steam machinery 
in ships are now standardized sufficiently to permit 
standardization of operation and costs. A different 
situation exists when considering repairs to motor-ship 
machinery. Here we find a most troublesome lack of 
permanence in design. It is true that some engine 
builders have achieved a certain degree of standardiza- 
tion, such as adoption of a standard cylinder size and 
the making of engines by assembling different numbers 
of cylinders but it is the minor or accessory parts that 
cause the most trouble. 

Variations in details of construction or arrangement 
of parts often have a legitimate reason, resulting from 
the unusually rapid advance in the art of Diesel-engine 
design or from experience with similar engines in serv- 
ice but often it represents simply the yearning to ex- 
press individuality that every designer seems to feel. 
Fuel valves and fuel pumps seem to be objects of 
greatest amount of study and more or less ingenious 
rearrangement. The basic functions of all fuel-injection 
valves are the same and there is a fundamental simi- 
larity in the construction of all of them but the mul- 
titude of variations in details is astonishing. 


CYLINDER HEADS AND PIsTons 


One of the most common of jobs due to accident or 
other unusual condition is the repair or replacement. of 
cylinder heads, liners and pistons that have cracked as 
a result of accumulation of scale and sediment in the 
cooling-water spaces. Figure 1 shows the two halves of 
a large cylinder head that cracked from this cause and 
was subsequently sawed in two for examination. At 
point A, diametrically opposite the cooling-water inlet 
and directly under the restricted outlet opening, the 
water space is almost completely choked by a mass of 
sediment and nowhere over the entire water space sur- 
face was less than 14 in. of scale and sediment formed. 
Examination of this head showed the water space to be 
almost entirely filled with hard scale. Experience with 
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many similar cases has convinced the author that keep- 
ing the water sides of heat-transmitting parts free from 
insulating deposits of scale, sediment, grease and rust 
does not receive the attention it deserves from either 
engine builders or engine users. Periodic and thorough 
cleaning of all water jackets, whether the cooling water 
be fresh or salt, should be just as much of a routine pro- 
cedure on the motorship as periodic boiler cleaning is 
on the steamship. In fact, the whole subject of what 
may be termed ‘‘preventive treatment’’ should receive 
more attention than it does. ‘ 


Heavy BEepPLATES ARE FLEXIBLE 


Most bedplate troubles arise from the surprising 
flexibility of what is usually a massive structure of cast 
iron. An example of this was the bed of a 500-hp. 
engine that had been carefully reset to correct an orig- 
inal misalinement. After alinement was corrected and 
the bed was resting on permanent steel chocks, the 
spaces between chocks were closed with wooden filler 
pieces, as is the usual custom in marine work. It was 
found that too thick a filler piece, driven under the bed 
at about its center with an ordinary hand hammer, 
bowed up the bed enough to throw the coupling on the 
end of the crankshaft, measurably out of line. 


On three different Diesel-driven generator sets, the 
armature shafts broke in service and when dismantled 
it was found that the end of the bed supporting the out- 
board generator bearing was in each case bent upward 
nearly 34 in. The holding-down bolts simply pulled the 
bed down to conform to the heights of the chocks, which 
were not lined up accurately. 


ALL Fuet Om SHouLD Be CENTRIFUGED 


Cylinder jackets give little trouble, although on some 
of the older engines an occasional cracked cylinder will 
be found. Cylinder liners, however, are a prolific source 
of work for the repair yard. Liner casualties occur 
either from wear or cracks. Wear is a normal result of 
engine use but it sometimes assumes abnormal propor- 
tions if operating conditions are not right. Of course, 
the liner material has some bearing on rate of wear in 
service and there is some variation in the quality of 
liner iron found in different makes of engines but there 
is not enough variation to make this an important factor 
in differences in length of liner life found in service. 


What appears to be the most important factor is the 
fuel used. Some fuel will contain more abrasive im- 
purities than other but it is the author’s belief that all 
fuel oil, even the highest commercial grades, should be 
passed through a centrifuge before being used in the 
engine. An example of the value of the centrifuge is 
the case of two sister ships of 2000 hp., attended by the 
author. After a trip around the world, both using the 
same kind of fuel, it was found that liner wear amount- 
ing in one eylinder to 0.270 in. had oceurred in one 
vessel, necessitating the renewal of that liner, while in 
the sister ship the maximum liner wear observed was 
0.025 in. The difference is accounted for. by the fact 
that in the first ship the fuel, which was very dirty, had 
been used directly from the tanks during a portion of 
the voyage, while in the second, no fuel was used with- 
out centrifuging. 
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Various estimates have been made as to what should 
be considered normal length of life for a liner. Al- 
though there is wide divergence of opinion, experience 
seems to indicate 5 yr. as the average age. We are learn- 
ing more about how to make east iron that will withstand 
wear and yet not be too hard to machine easily. We 
can expect longer-lived liners in future engines. It is 
seldom that the repair yard is required to rebore Diesel- 
engine liners. Even though the liner be amply thick 
for reboring, the necessity for supplying an oversize 
piston after such reboring makes it cheaper to install a 
new liner. 

Cylinder head, the most complicated casting on the 
engine, suffers most from heat troubles. The usual head 
repair ig welding of cracks. Both oxyacetylene and 
electric welding are used but the former is preferred if 
the location of the crack will permit its use. If the 


crack is near the outer edge of the head, where expan- 
sion and contraction stresses can be accommodated, gas 








FIG. 2. PREPARATION OF CYLINDER HEAD FOR WELDING. 
ABOVE, LOCATION OF CRANK; BELOW, V-CUT AND AR- 
RANGEMENT OF STUDS 


welding can be used but if the crack is near the center 
of the head or surrounded by unsymmetrical masses of 
metal, as is usually the case, electric welding must be 
resorted to. 


WELDING METHODS 


To make a successful head repair, electric welding 
must be done skilfully and studding employed. Figure 
2 illustrates the method used where the bridge cracked 
between fuel-valve and exhaust-valve openings. After 
a wide V was cut to the bottom of the crack, holes were 
drilled and tapped for steel studs so that the studs in- 
terlaced as shown. The upper studs were then removed 
to give access to the bottom of the V and welding in 
of the new metal was started. As the V filled up, the 
upper studs were added, so that all studs were com- 
pletely embedded in the completed weld. Where a weld 
crosses a valve-housing seat, as was the case with this 
one, great difficulty is experienced in machining the seat 
accurately, due to the springing of the cutting tool when 
it strikes the junction between new and old metal. This 
difficulty has been met by the use of tungsten-carbide 
tools, which cut the hard metal with ease. 


Breakage of crankshafts was formerly accepted as 
one of the hazards inherent in Diesel-engine operation 
but at the present time such breakage is unusual. Most 
repair work on crankshafts consists of refinishing pins 
and bearings that have become scored or worn or cor- 
recting alinement of the shaft in its bearings. When- 
ever it is necessary to renew a broken shaft, it is found 
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FIG. 3. CRANKSHAFT BREAK DUE TO MISALINEMENT 


that breakage is due to misalinement or torsional vibra- 
tion. Wear of main bearings is more rapid in marine 
engines than in land engines due to the more flexible 
nature of the structure on which the engine rests. 


ELIMINATION OF TORSIONAL VIBRATION 


Torsional vibration is becoming sufficiently well 
understood that its occurrence can be predicted with 
accuracy in new engines and steps taken to eliminate it. 
It is a much less common source of trouble than in 
former years but it is found occasionally. Destructive 
effects of torsional vibration were demonstrated in the 
ease of engines which gave no noticeable evidence of 
vibration while they were running but the coupling 
bolts became loose and broke and the coupling faces 
were deeply scored and worn. In this case, it was pos- 
sible to correct the trouble by changing the firing order 
of the cylinders and the relative positions of the cranks. 


MISALINEMENT CAUSES SHAFT BREAKAGE 


Effect of incorrect misalinement is shown in Fig. 3. 
This shaft broke while the vessel was in southern waters 
and a stop was made in a small Central American port 
to make the temporary repairs shown in Fig. 4, which 
enabled the vessel to reach New York. When the shaft 
was removed, it was found that the main bearings were 
badly out of line, one being so low that the shaft did 
not touch it, even when deflected by the load. Provision 
for easy removal of bottom shells of main bearings is 
important as a factor in reducing cost of repairs due to 
misalinement. 

Piston-rod troubles may be said to be non-existent in 
single-acting engines that have such rods but in the 
newer double-acting designs piston rod breakage has 
been rather common. These breakages have resulted 
from both incorrect design and improper material but 
there is no reason to believe that piston rod breakage, 
in the future, need be regarded as a feature of double- 
acting engines. Experience with such materials has 
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demonstrated that, for piston rod manufacture, it is 
not wise to use alloy steels of a type the physical prop- 
erties of which cannot be accurately controlled and on 
which the effects of heat treatment cannot be accurately 
predicted. One set of large double-acting rods renewed 
by the author was made of a chromium-alloy steel, to 
which the builder was rigidly restricted by the pur- 
chaser of the engine. When the rods were removed after 
a short period of use, the heavy buttress threads at the 
crosshead ends could be peeled off like unwinding a 
string. 
Curomium Piatine Repuces WEAR 


Wear of the rod by the packing in the lower head is 
a factor in piston rod maintenance that is confined to 
the double-acting type. An apparently successful ex- 
periment of plating the rods with chromium has been 
made on one make of engine. A comparison of these 
rods, made after a voyage of about 28,000 mi., with 
unplated rods in another engine of approximately the 
same size showed considerably more wear of the latter. 

From the repairman’s point of view, the piston 
seems to be the most troublesome of all the major parts 
of the Diesel engine. The troubles encountered are usu- 
ally cracking or wear of ring slots. There are two ways 
in which cracking occurs; approximately radial cracks 
develop in the crown or circumferential cracks in the 
side or skirt. The first is the more.common kind and the 
appearance of the cracks indicates that it is associated 
with the phenomenon of metal growth by repeated 
heating. The second type of fracture, cracks in the 
sides, is almost invariably due to piston seizure in the 
liner and is usually associated with cooling-system 
failure. 


SKILL AND EXPERIENCE ESSENTIAL IN WELDING 


Welding procedure has been developed to the point 
where most cracked pistons can be salvaged at a cost 
substantially less than the price of a new one. As com- 





FIG. 4. TEMPORARY REPAIR TO CRANKSHAFT SHOWN IN 
IN FIG. 3 
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pared with welding of cylinder heads, previously dis- 
cussed, piston welding is much easier because of the 
more symmetrical disposition of the metal. Many oper- 
ators are doubtful of the permanence of piston welds 
and it is true that some of them can point to failures in 
justification of their attitude but, in the hands of skilful 
and experienced welders, most cracked pistons can be 
made as good as new. 

As in the ease of cylinder heads, either gas or elec- 
trie welding can be used but the former is much to be 
preferred. It can be used successfully, however, only 
when the piston can be preheated. The procedure is as 
follows: All burned metal in the vicinity of the cracks 
is eut away by drilling, then an air chisel is used to cut 
a wide V along the line of each crack. In each case, the 
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FIG. 5. CROSSHEAD GUIDE CRACKED BY JAMMING OF 
SLIPPER 


V must extend the full length and depth of the crack. 
If the crack goes clear through, the tip of the V must 
just penetrate the inner face of the metal. 


Easity Constructep Heating FurRNACE 


If a furnace large enough to take the piston is avail- 
able, it can be used for heating but otherwise a simple 
furnace can be made by building up a checkered wall of 
firebrick surrounding the piston, then wrapping asbestos 
paper around the wall, leaving a draft opening at the 
bottom. A sheet of asbestos board is laid over the top 
with a small opening left for draft. A charcoal fire is 
used to heat the piston up slowly and evenly to a cherry 
red, then the welding operation is started through a 
small opening in the asbestos directly over the spot to 
be welded. Usually two welders, working alternately, 
are required because of the great heat. After the V’s 
have been filled up carefully and the new metal con- 
solidated with the old, all openings in the asbestos are 
covered up to keep the cold air out and the fire is 
allowed to die out. The piston should not be removed 
until it is cool enough to handle. 

Heat cracks in the center of the piston crown can 
be prevented in one type of piston by cutting a circular 
groove in the crown as shown in Fig. 6. Increasing use 
of forged steel pistons seems to have increased the pro- 
portion of ring-slot jobs. Wear of ring grooves is par- 
ticularly rapid when the cylinder liner is badly worn. 
Liner wear is never uniform throughout the length of 
the “eylinder bore and as the piston travels back and 
forth a ‘‘breathing”’ effect is produced on the rings by 
the varying diameter of the bore that tends to wear 
away the side walls of the ring grooves. Pistons worn 
in this way can be repaired by truing up the grooves in 
a lathe and fitting oversize rings but if it is desired to 
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retain standard size rings the walls of the slots are cut 
back and then built up by welding, after which fhey can 
be machined to original dimensions. A recently pat- 
ented scheme is to provide a wearing ring locked into 
each groove, so that the wear occurs on these rings in- 
stead of the piston. 


Leak Causes ExHaust VALVE BURNING 


Exhaust valves need repair more frequently than 
any other, due to the fact that a leak usually results in 
a burned-out valve or seat. A type of valve frequently 
dealt with is shown in Fig. 7.. Here provision has been 
made for renewing the seat by making it separate from 
the valve and holding it in place with the threaded ring. 
It is usually necessary to cut these rings off as they burn 
fast to the stem in service. Fuel valves come next to 
exhaust valves in the amount of repairs required from 
sources outside the ship. The most common of these 
repairs is the renewal of needles. 


DEPOSITS AND CoRROSION CAUSE CooLING SysTEM 
TROUBLES 


Cooling-system troubles generally arise from two 
causes; deposit of dirt, oil, or scale from the water and 
corrosion. In nearly every case where an engine has 
been opened up for cleaning and large collections of 
dirt or scale have been found at any particular points, 





FIG. 6. METHOD OF GROOVING PISTON CROWN TO PRE- 
VENT CRACKING 
FIG. 7. EXHAUST VALVE WITH REMOVABLE SEAT 


study of the structural arrangement will show that re- 
tarded flow occurs at those points. In one engine, this 
condition was particularly bad because retarders pur- 
posely had been placed in all of the passages through 
the exhaust and scavenge-port bridges in order to 
equalize flow through the bridges. ‘The large jacket 
space area of these retarders made a fine settling tank. 

Advantages of fresh water cooling have been nulli- 
fied in numerous cases by extensive deposits of oil that 
gains access to the cooling system. The ease with which 
oil will pass through a stuffing-box that is water-tight 
makes it highly undesirable to enclose telescopic pipes 
or water pumps inside of the crankcase. 


CorrosivE ACTION oF DISTILLED FRESH WATER 


In some quarters, the impression seems to prevail 
that if distilled fresh water is used for cooling no cor- 
rosion troubles will be experienced, yet jobs come in 
repeatedly that show the fresh cooling water to be 
actively corrosive. A case in point is the corrosion of 
internal pipes which caused repeated piston seizures. 
These had been placed inside piston rods of double-act- 
ing engines to convey cooling water to the piston. These 
pipes are now made of stainless steel. It has been found 
that if the system for circulating fresh water includes 
any open point, such as open discharge funnels, where 
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active churning of the water produces aeration, the 
corrosive effect throughout the system is increased. 
Grinding down, renewal of plungers and occasion- 
ally the making of new valves are the repairs usually 
needed by fuel pumps. It is found that packed plungers 
require more attention than packingless or lapped 
plungers. The packing is usually set up so tight to pre- 
vent leakage that it wears the case-hardened plungers 
rapidly. The success of the chromium-plated rods pre- 
viously mentioned suggests the possibility of reducing 
this wear by the use of chromium-plated plungers. 


UNSKILLED OPERATION INCREASES REPAIRS 


Diesel repair costs are affected by so many variable 
factors that it is difficult to state conclusions that will 
be all-embracing. Most important of these factors is 
operating personnel. Anyone can operate a Diesel en- 
gine but only well-qualified operators should. The effect 
of ignorant or unskilled operation will be reflected in 
the repair bills for the Diesel engine much more quickly 
than for the steam plant. 

Individual items of repair to the Diesel plant and 
steam plant are none of them sufficiently alike to permit 
comparisons of cost on a repair-item basis. The most 
accurate method of comparison is by means of the an- 
nual repair bills of two exactly similar vessels, one 
steam the other Diesel, operating on the same route 
and handling the same cargo. 

It is the author’s opinion, that when operating under 
similar conditions, with equally competent engineers, 
the Diesel plant requires less repair than the steam 
plant but the repairs that are required cost more. When 
Diesel engine design more nearly approaches a stand- 
ardized basis and a certain measure of permanence 
sueceeds the present kaleidoscopic variations in struc- 
tural details, a more widespread development of repair 
facilities will be possible, less specialized knowledge will 
be required for operation and general reduction in 
upkeep cost will result. 


AS A GENERAL RULE, the subject of water power costs 
is misunderstood by the public, because it feels that, 
costing nothing for fuel, water power should be sold for 
a fraction of the rate charged for power generated by 
steam stations. 

Water power developments are often in remote and 
inaccessible places, making the construction cost of the 
plant and investment costs in transmission lines unduly 
high, so that the power produced is under a considerable 
handicap because of fixed charges. 

In a large western system where hydro power is sold 
to large industrial consumers for less than a cent a 
kilowatt-hour, power costs about four mills at the sub- 
station. Generation costs are about two-thirds of the 
total cost. This company also does a large rural busi- 


ness and sells this power for slightly less than five cents. - 


On these two rates, one almost seven times the other, 
the company makes almost the same profit per kilowatt- 
hour. Power costs them about four mills at the sub- 
station, while the additional cost of distribution to small 
users costs almost four cents, or ten times the total 
* eost of generation. 


GirrarD is generally given credit for the invention 
of the ejector. 
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Dr. A. Stopota. By Gro. A. Orrok 
OLLOWING the example set so long ago by the 
students and friends of the late Prof. Dr. Riedler, 

a group of prominent European engineers, most of them 
students or associates of Dr. Stodola, have celebrated 
the attainment of his seventieth birthday by bringing 
out the above volume of their original technical papers 
covering a wide engineering field to correspond to the 
many-sidedness of Dr. Stodola’s accomplishments. 

While Parsons, de Laval and Rateau were the 
pioneers in the practical development of the steam tur- 
bine, Aurel Stodola studied and taught its theory to 
many students during the last 40 yr. and his work in 
this line is unique in its treatment of the subject. 

The foreword is by Rohn, the president of the Swiss 
Board of College Education and this is followed by a 
carefully considered biography of Dr. Aurel Stodola 
by W. C. Moack. The 63 technical papers by students 
and associates cover 600 pages of most interesting read- 
ing. 

Among the names of the contributors one finds: A. 
Einstein, Féppl, Honegger, Jakob, Kraft, Havlicek, 
Lorenz, Mollier, Nusselt, Prandtl, Schule and others, 
experts in different fields. The articles are extremely 
interesting by their condensed form which necessitates 
an unusually high standard of mathematical treatment. 
It is by no means easy reading for novices, but for the 
working engineer new ideas on many subjects are 
couched in generalized mathematical expressions. 

The question of turbine blading has been dealt with 
by: J. Acheret, Colombi, Darrieus, Dubois, Platt, Loesel, 
Seippel. The thermodynamics has been covered by: 
Jacob, Havlicek, Miskovsky, Mollier, Nusselt, Schule, 
Zerkowitz. Considerable work is shown on vibration 
and on strength of turbine parts. Especially interest- 
ing is Honnegger’s paper on thermal stresses. The ex- 
perimental work on Diesel engines, locomotives, turbines 
and the internal combustion turbines, is also well repre- 
sented. Huguenin presents a paper on air liquefaction 
by the Linde, Claude and Cascade processes and de- 
scribes the Toulouse synthetic ammonia plant. The 
short article by A. Einstein on his new field theory is a 
beautiful abstraction even for the uninitiated and its 
outstanding feature is the way this abstraction shows 
the difference between the scientist’s and the engineer’s 
mental tools and the materials on which their efforts are 
exerted. ' 

This book may well be included in the library of all 
who are interested in the design, construction and 
operation of turbines as a sequel and completion of 
Stodola’s monumental work on the Steam Turbine. The 
book sells for $5, the proceeds going to Dr. Stodola as a 
birthday present. 


DANIEL BERNOULLI, in 1738, gave a demonstration in 
connection with the flow of water which is probably 
the most important principle in connection with the 
study of hydraulics. This principle, later known as 
Bernoulli’s theorem, says that with steady frictionless 
flow, the sum of pressure head, velocity head and poten- 
tial head is equal and constant throughout its course. 
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Automatic Throwover Equipments 
for A. C. Incoming Lines 


Failure of power in manufacturing plants may result in 
considerable loss unless some other source of power is made 


available immediately. 


In this article is described equip- 


ment for automatically changing over from one source to 
another in case of trouble 


By R. A. Fuller 


Switchgear Dept., General Electric Co. 


RESENT DAY high-speed production and competi- 
tion in the quality of service to customers coupled 
with the increasing use of electric power have focused 
considerable attention on the continuity of the power 





supply. Failure of power in manufacturing plants may 
result in considerable losses in material, time and labor. 
SOURCE NO. I. SOURCE NO. 2. 

UNDER- UNDER- 
VOLTAGE VOLTAGE 
RELAYS RELAYS 
C/RCU/T CIRCUIT 
BREAHER . BREAKER 
NO. 1 NO. 2. 

C/RCUIT 

BREAKER 

NO. 3. 
LOAD 

FIG. 1. SCHEME OF CONNECTIONS WHERE TWO INDE- 


PENDENT SOURCES OF POWER ARE AVAILABLE 


Interruptions in the supply to large office buildings, 
hotels and theaters result in loss of patronage, a de- 
crease in the rates chargeable, and loss in revenue. In 
many cases, loss of power on lighting circuits alone 
warrants serious consideration as regards production 
and safety. Industries employing continuous processes 
are outstanding examples of the need for a continuous 
power supply. Failure of power for a very few minutes 
in such plants may cause a loss of thousands of dollars. 

It is therefore becoming common practice to have 
two power sources available at each industrial plant or 
other important load. The ideal arrangement is shown 
diagrammatically in Fig. 1, where Sources No. 1 and 
No. 2 are independent sources of power and the load is 
tapped off at the tie point. Overcurrent tripping of 
the circuit breakers is in the direction of the arrows 
only. All three breakers are normally closed. Faults 
oceurring at source No. 2, or on incoming line No. 2, trip 
only breaker No. 2. The load continues to be fed from 
source No. 1 with no interruption. When voltage is re- 
stored on line No. 2, breaker No. 2 is closed by automatic 
synehronizing equipment. Similar operation is obtained 
with faults on source No. 1 or line No. 1. As expensive 
high interrupting capacity breakers and considerable 





copper are required in tie lines, such an installation is 
not feasible economically. A close approximation of 
this equipment is found in the ring or loop distribution 
system where sources No. 1 and No. 2 are one and the 
same. This scheme differs materially from the ideal in 
that a failure of the single source causes an interruption 
of power at the load. It does, however, protect against 
power failure due to line trouble, the principal cause 
of interruptions. Breaker No. 3 is tripped by faults in 
the load circuit and is operated manually or by auto- 
matie reclosing equipment. 

In order to obtain the benefits of two independent 
sources, without the difficulties incident to the equip- 
ment shown in Fig. 1, it is common practice to use the 





SOURCE NO. J. SOURCE NO.2. 
— UNDER VOLT- 
AGE RELAY: AGE RELAYS 
CIRCUIT CIRCU/T 
BREAKER | | BREAKER 
NO. y NO. 2. 

















LOAD 


FIG. 2. ANOTHER ARRANGEMENT IN COMMON USE 


equipment shown in Fig. 2. Under normal conditions, 
with both lines energized, breaker No. 1 is closed and 
breaker No. 2 is open. Failure of voltage on line No. 1 
and presence of voltage on line No. 2, indicated by the 
undervoltage relays, cause the opening of breaker No. 1 
followed by the closing of breaker No. 2. This sequence 
of breaker operation is necessary to prevent a fault on 


‘line No. 1 fed from source No. 2 at the time of transfer. 


NoN-PREFERENTIAL AND PREFERRED EMERGENCY 
SwITcHING 
Some installations require that the load shall remain 
connected to whichever source happens to be in use until 
that source fails. This is termed non-preferential 
switching. As it is usually essential that the power 
company know the normal loading conditions of the 
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various lines, it is common practice to have the load re- 
transferred to source No. 1 when voltage returns on 
line No. 1. Such operation is termed preferred emer- 
gency switching. 

Whenever conditions permit, it is best to transfer 
back to the preferred line without interrupting service. 
Where sources No. 1 and No. 2 are always in syn- 
chronism and both are energized, the retransfer is there- 
fore made by closing breaker No. 1 and then tripping 
breaker No. 2. Where the two sources are usually in 
synchronism, the two lines may be automatically checked 
for synchronism before retransferring as in the previous 
ease. In this case, if the two lines are energized but are 
not in synchronism, the equipment is so arranged that 
either no switching is done until synchronism exists or, 
after a time delay, the retransfer is made by opening 





























A TYPICAL PREFERRED EMERGENCY EQUIPMENT 
FIG. 4. A SIMPLE THROWOVER EQUIPMENT 


FIG. 3. 


breaker No. 2 and then closing breaker No. 1. Retrans- 
fer by opening breaker No. 2 and then closing breaker 
No. 1 causes an interruption of approximately one 
second on the usual types of equipment. This method 
of retransfer is also used where the two sources are 
ordinarily not in synchronism. 

In order to prevent switching on momentary dips in 
voltage, it is customary to use time delay in conjunction 
with the undervoltage relays. The time delay is ad- 
justed to meet service conditions so that the more com- 
mon voltage dips experienced have no effect. This time 
delay is also of advantage as described later in the dis- 
cussion of overcurrent protection. 

Use of time-delay undervoltage devices on motor 
_ Starters occasionally requires that the throwover from 

the preferred to the emergency source be made within 
approximately one second after failure of voltage on 
the preferred line. By thus limiting the duration of 
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the interruption to less than the time delay of the under- 
voltage devices, blower motors, pumps and other small 
motor-driven equipments are kept in operation without 
being restarted manually. Such throwover equipments 
require instantaneous voltage indication in order to 
meet the time requirement. Thus occasional throwovers 
will be experienced when there is merely a momentary 
dip in the voltage on the preferred line. In any ease, the 
voltage on the preferred line is checked for an appre- 
ciable time before retransfer to the preferred line after 
an interruption. This so-called instantaneous throwover 
equipment involves some difficulty as regards overcur- 
rent protection discussed below. 

The type of undervoltage relays ordinarily used is 
of the time-delay type connected to indicate failure of 
voltage on any phase. Service conditions may be such 
that it is safe to assume that full 3-phase voltage will be 
present at any time when there is voltage on any phase. 
In this case, it is customary to use single-phase voltage 
indication. Such applications require careful consid- 
eration as to the possibility of single-phase voltage only 
being present on one line at the time when both incoming 
breakers are closed on retransfer to the preferred line. 

Where the load consists chiefly of induction or syn- 
chronous motors, the opening of one wire in the three- 
wire incoming line is not indicated by the undervoltage 
relays owing to feedback from the motors operating 
single phase. Under these conditions, a current balance 
relay is added to indicate loss of current in any phase. 


INCORPORATING OVERCURRENT TRIP DEVICES 


Although any throwover equipment is essentially a 
voltage maintaining equipment, it is frequently desired 
to incorporate overcurrent trip. In such eases, the in- 
coming line breaker which happens to be in service trips. 
on overcurrent to clear faults occurring in the load cir- 
cuit. It is necessary that such tripping of one incoming 
line breaker shall prevent the closing of the other line 
breaker ; i.e., shall lock the throwover equipment in the 
open position. Otherwise, the second incoming line 
breaker will close on the fault. 

In general, it is essential that any breaker which is 
closed automatically and has overeurrent trip, should 
have some slight time delay in the overcurrent tripping 
device. Otherwise the current surges experienced when 
the breaker closes may trip the breaker and in this case 
lock it open. 

On heavy short cireuits, the voltage is reduced so 
that the undervoltage relays give false indication of 
failure of the incoming line and tend to cause throw- 
over to the emergency line. Where time-delay voltage 
indication is used, sufficient time is available for the 
time-delay overcurrent relays to trip the breaker in use 
and lock the equipment open. Where the so-called in- 
stantaneous throwover and voltage indication are used, 
it is necessary to make the voltage indication ineffective 
when the current is of short-circuit proportions. This 
is accomplished by relays which open the voltage throw- 
over circuit on extremely heavy current. 

The common practice is to use only electrical inter- 
locking between the two incoming line breakers. Me- 
chanical interlocking between the breakers is required 
occasionally although experience indicates that this is 
unnecessary. 

Figure 3 shows a typical preferred-emergency throw- 
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over control with 3-phase time-delay voltage indication, 
a switch for making either line the preferred line, and 
the switches for manual control of the breakers. Re- 
transfer to the preferred line is accomplished without 
interruption as the two sources are always in synchron- 
ism. Slight changes adapt this equipment for non- 
synchronous sources or non-preferential operation. 

Figure 4 shows a very simple equipment for throw- 
over control which may be either preferred-emergency 
or non-preferential as required. Single-phase voltage 
indication with time delay is used. The generally ac- 
ceptable assumption is made that either full voltage or 
essentially no voltage is present on the lines. The addi- 
tion of two relays avoids the necessity of making this 
assumption, and permits three-phase voltage indication. 
When used for preferred-emergency operation service 
is interrupted momentarily upon retransfer to the pre- 
ferred line. 
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Occasionally conditions require that the load be 
divided so that in normal operation both incoming lines 
are carrying load. This is accomplished by separating 
the two sections of the load with a normally-open tie 
breaker. Upon failure of one source, the dead line is 
disconnected and the whole load connected to the ener- 
gized line by the closing of the tie breaker. Restoration 
of voltage on the previously faulty line causes return 
to the normal divided load operation. 

In general, throwover equipments are used on cir- 
cuits of between 2300 and 13,200 v. The illustrations 
are of such equipments. The principles described, how- 
ever, apply to equipments of any voltage, the only ma- 
terial difference being in the type of cireuit breakers 
used. Semi-automatic and other special types of throw- 
Over equipment are in use. These are, however, rather 
uncommon and vary in operating features to meet the 
special requirements of each application. 


Hlectricity---What It Is and How It Acts’ 


Part XXIX. RELATION OF FREQUENCY TO THE PHOTOELECTRIC Errect. THE 
GRANULAR THEORY OF ENERGY. THE PHOTOELECTRIC CELL. By A. W. KRAMER 


T IS EVIDENT from our study of radiation 

phenomena that energy is imparted to or emitted 
from atoms in certain definite quantities or lumps. A 
definite amount of energy is required to ‘‘jump’’ an 
inner orbit to an outer orbit of an atom and this same 
definite amount of energy is emitted in the form of 
electromagnetic radiation when the electron falls back 
into its original orbit. When the electron falls into a 
lower orbit the kinetic energy so acquired in some way 
is converted into a lump or bundle of radiant energy. 
The size of the lump, we have seen, is always propor- 
tional to the frequency of the emitted radiation. In the 
same way when an electron is knocked out of an atom 
in a metal plate by an X-ray or light ray, the kinetic 
energy with which the electron is emitted is propor- 
tional to the frequency of the light or the X-ray. 


ELECTRON SPEED PROPORTIONAL TO FREQUENCY 

The speed with which an electron is knocked out of 
the atom bears no relation to the intensity of the light 
ray. Photoelectric effects are capable of occurring in 
such feeble light as would correspond to the illumina- 
tion from an ordinary candle at a distance of three 
miles.t Thus if a photoelectrically sensitive surface is 
exposed to light of this feeble intensity, electrons will be 
emitted at a certain speed. Suppose now, that the sen- 
sitive surface is gradually moved toward the candle. 
Will the speed of the emitted electrons be increased ? 

It will not. Investigation will disclose that the speed 
of the emitted electrons is the same when the surface is 
one inch away from the candle as it was at a distance 
of three miles. True, more electrons will be emitted 
but the speed of each one will be the same and the 
energy of the emitted electrons always one quantum. 

Now this is a very curious thing. Why should the 
speed of the emitted electron depend upon the fre- 
quency of the light rather than upon the intensity of 
the light? Without serious consideration it might seem 





*All rights reserved. 
1John Mills, Within the Atom, p. 149. 


thatthe atom or electron in some way acts as a storage 


. system in which a certain amount of energy is stored 


and which is discharged suddenly, as by a trigger, when 
the light ray strikes it. This explanation, however, is 
inadequate for if this were true why should the dis- 
charge occur only with light of a certain frequency? 
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FIG. 1. DIAGRAM SHOWING THE SENSITIVITY OF THE 
PHOTOELECTRIC EFFECTS 
Light from a candle falling upon a sensitive photoelectric 
surface will cause the latter to emit electrons. Whether the 
candle is three miles away from the surface or one inch, the 
speed of the emitted electrons will be the same. 





Of course, one might think of a tuned system which 
would trip and empty the atom of its energy when 
stimulated by the frequency to which the system is 
tuned but this still would not explain why the amount 
of energy released is proportional to the frequency of 
the radiation. 

These considerations and others force us to relin- 
quish the idea of initial storage and ‘‘trigger release’’ 
and return to our original theory that the energy of 
the emitted electrons is derived from the exciting 
radiation. 

If we accept this conclusion, and we have no other 
alternative, it seems, we must abandon the wave theory 
of light. According to the theory of radiation which 
is commonly accepted, the energy leaving a source is 
uniformly distributed over a spherical surface which 
increases constantly in size as the radiation proceeds 
outward. The ripple caused by a stone dropped into 
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the water of a pond shows this effect clearly. At a 
point some distance from the source of the disturbance 
the energy of the ripples is very feeble and incapable 
of exerting any but very slight force. In the preceding 
issue the story of Professor Compton? illustrated the 
absurdity of supposing that a wave front far removed 
from its source could set an object in motion with the 
same energy as that of the object producing the waves. 

If, however, light consists of particles shot out 
radially from the source, it can be seen readily that an 
individual particle can travel outward to any distance 
without losing any of its energy and it will be capable 
of giving up this energy when it collides with an elec- 
tron or an atom. To explain photo-electric phenomena 
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FIG. 2. DIAGRAM OF THE PHOTOELECTRIC CELL 


The cell consists of an evacuated tube containing a single 
central electrode. This serves as the anode. A portion of the 
inside of the tube is coated with a layer of potassium which 
serves as the cathode. Light falling on this surface stimulates 
the atoms to emit electrons which are drawn to the anode by 
the positive potential supplied by the battery. 


satisfactorily this is the conception of light and radia- 
tion phenomena that we must accept. 

While, at first thought, this conception, that light 
energy consists of particles, may seem unreasonable, it 
is perhaps no more so than that of electricity consisting 
of particles. First matter was shown to consist of 
particles and then electricity was shown also to have 
a granular structure. Why, then, should not energy 
also consist of particles? 


EVIDENCE FOR THE ‘‘ParTICLE’’ THEORY OF LIGHT 
CoNSIDERABLE 


While this theory of light and energy is perhaps not 
universally accepted, certainly the evidence in its favor 
is very great. There is only one piece of evidence 
against this hypothesis and that lies in the phenomena 
of interference and diffraction which was discussed in 
the previous article. Interference is primarily a wave 
phenomena and its application in explaining the nature 
of light is entirely responsible for the general accept- 
ance of the wave theory. 

As intimated in the preceding article, however, per- 
haps the particle theory and the wave theory are not 


2Sept. 15, 1929 issue, p. 1010. 


October 1, 1929 


entirely irreconcilable. The particle of energy or light 
which we have been considering may yet be shown to 
consist of a tiny train of waves, at least at certain 
times. The questions, however, must be reserved for 
discussion in a later article as they have to do with 
matters concerning space and time and the theory of 
relativity. 

Assuming, for the present at least that energy con- 
sists of discrete particles, or small wave trains, which 
cannot be divided, it is apparent that when such a 
bundle of energy is directed at an electron, it (the 
electron) must either receive or reject the whole bundle. 
It cannot accept part of the energy and reject that 
which it cannot hold. It must take it all or none at all. 


How tHe ELEcTRON ABSORBS THE ENERGY 


This, as we know, is what actually occurs. When 
a beam of light of X-rays is focused on a metal plate 
electrons may or may not be ejected from the metal 
depending upon the metal and the frequency of the 
X-rays. Suppose no electrons are ejected, and that 
the frequency of the X-ray is raised gradually by 
increasing the potential across the tube. As the fre- 
quency gradually increases there will come a time when 
electrons will suddenly be ejected. This is the point 
where the energy of the quanta or X-ray particle is 


. just sufficient for the electron completely to absorb. 





Courtesy General Electric Co. 
A STANDARD PHOTOELECTRIC CELL 


FIG. 3. 


The energy of thé quantum, it will be recalled, is pro- 
portional to hv, where v is the frequency of radiation 
and h is Planck’s constant. 

The quantum or the unit of energy, differs consid- 
erably from the electron considered as a unit. The 
electron at all times represents a fixed quantity of 
electricity, that is, it is the smallest amount of electric 
charge that can exist alone. The quantum also repre- 
sents the smallest amount of energy that can exist 
alone, but the actual value of this amount is dependent 
upon the frequency of radiation. 

While the photo-electric effect has been of tremen- 
dous value in explaining the energy relations between 
light and matter, it also has received practical applica- 
tion in the development of the photo-electric cell. 
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The principle of the photo-electric cell is indicated 
in Fig. 2. It consists of an evacuated bulb with a single 
metal electrode mounted in the center as shown. A 
portion of the inside of the bulb is coated with a thin 
layer of potassium which serves as the cathode. When 
light, entering the tube through the clear portion of 
the bulb, falls on the potassium surface, electrons are 
emitted and their flow from the cathode to the anode 
is directed by the battery. A galvanometer is shown 
at G for indicating the current. A cell of this type is 
sufficiently sensitive to respond to the light from a one 
candle power lamp at a distance of two miles. 

The photo-electric cell plays an important part in 
nearly all telegraphic picture transmission systems, and 
in all television equipments. It is also used extensively 
in astro-physical work in the measurement of light 
from the stars. Other applications of the cell have been 
made in various industries, where it is used for color 
matching and sorting. Recently it has been used for 
counting vehicles as they pass through the Holland 
Tunnel between New York and Jersey Cities. 

While the current flowing through the photo-electric 
cell under the action of the battery is very small, this 
current can be amplified by means of ordinary vacuum 
tubes. A typical circuit is shown in Fig. 4. In this 
ease the output from the photo-electric cell is amplified 
by a two-stage vacuum tube amplifier. Amplifications 
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FIG. 4. AN AMPLIFYING CIRCUIT FOR THE PHOTOELEC- 
TRIC CELL 


obtained in this manner are extremely large; under 
favorable conditions a 600,000 fold amplification may 
be obtained. If an equipment of this type is arranged 
in connection with suitable telescopes, the intensity of 
the light from a distant star falling on the cell can 
be recorded on a recording galvanometer in the output 
circuit. An idea of the progress attained in this field 
may be obtained from the fact that with equipment 
such as described it has been found possible to generate. 
from the light of the planet Jupiter, currents of 10-* 
amperes.® 





3“Matter, Electricity, Energy’ by Gerlack and Fuchs, p. 315. 


Comparative Costs of Steam and Water Power 


As Steam GENERATION EFFICIENCY INCREASES AND Hypro DrveELOPMENT APPROACHES LIMIT, 


Most Water Powers Justiry DEVELOPMENT ONLY AS Peak LoaD PLANTS. 


NY GENERAL comparison of costs of generating 
electricity by water power and steam is usually 
both misleading and dangerous. Misleading, because 
any such comparison must be hedged about by the 
particular characteristics and qualifying stations and 
outputs compared, and because, strange as it may seem, 
one kilowatt-hour of energy is not necessarily equal to 
any other one. Dangerous, because any such compari- 
son usually amounts to an open declaration of hostilities 
between steam and water power schools of thought lead- 
ing farther and farther from any agreement. Any 
value in this discussion consists .in comparing costs 
under particular and typical conditions of utility sys- 
tem load as applied to Michigan in particular and the 
power situation in general. But any particular example 
will be qualified by conditions of geography and topog- 
raphy, cost of fuel, distance to market, developments in 
the art, application to the load and similar controlling 
conditions, any one of which may entirely upset or 
reverse any basic and general comparison between these 
two forms of generation. Perhaps the only safe gen- 
eralization would be to say that the cheapest water 
powers have naturally been those already developed, 
while, on the other hand, steam power gains in efficiency 
with each new development in the art and will decrease 
correspondingly in cost if fuel remains constant in 
price. But the ‘‘if’’ just mentioned qualifies even this 
statement. No general and dogmatic conclusion can 
ever be put forth with certainty. 
Water power is pioneer power, while steam power is 


*Stevens & Wood, Inc. From a paper read at convention of 
Michigan Electric Light Association. 


By E. M. Burp* 


one development of a highly specialized and mechanical 
civilization. The development of the original Thirteen 
Colonies and the later pioneering through the Middle 
West was to a large extent affected by the development 
of abundant small water powers which were put to work 
by numerous crude mechanical means and served to 
grind the grain, saw the lumber, weave the cloth, and 
later to manufacture more complicated living essentials 
for the use of the people. It was inevitable that under 
this condition the value of water power, which was with 
these people almost their first essential, should be fur- 
ther enlarged by local pride and prejudice, leading to 
unwarranted valuation existing even to this date. But 
our mechanical age with its cheap transportation of 
material things and energy together with its remarkable 
advances in generation of electricity from fuel has, to a 
large extent, superseded these old water powers and 
reduced their actual economic value, in many eases, to 
a negligible quantity. Farseeing utility executives, 
however, must know the bare basic facts of whether or 
not water power projects can compete with fuel-gen- 
erated energy. Sometimes it can and sometimes it can- 
not, depending entirely upon conditions. But, general- 
izing again, few of the smaller water powers in the 
eastern part of the United States can so compete. Those 
which compare favorably on a strictly economic basis 
are usually larger developments involving large gen- 
erating units, ample pondage, favorable topography, 
uniform stream flow, and reasonable proximity to 
market. 

The local mill power, which was the pride of the 
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community not many years back, can rarely ever be 
worked into the present day power system. The cost of 
suitable connection for the 300-hp. local mill to the high- 
tension utility system is entirely disproportionate, in 
terms of energy obtained, to the cost of connecting a 
20,000-kw. station to the line. 


PRESENT Cost AND FururE PossIBILITIES OF STEAM 
POWER 


On Fig. 1 is shown, on the diagram at the top of the 
page, the relative development in efficiency of water 
turbines as compared with steam-driven prime movers. 
Water turbines at the present time approximate 94 per 
cent efficiency, leaving an attainable margin of no con- 
sequence. The modern high-pressure steam turbine, 
marvelous as is its mechanical development, scarcely 
reaches, with its boilers and appurtenances, an overall 
energy efficiency of 30 per cent. It is evident that the 
possibilities yet remaining are but little short of amaz- 
ing. While the limit appears to be approached by the 
present system of energy conversion, there is no reason 
to think that the inventive genius of present intelligence 
will not surmount this difficulty and ultimately devise 
some way of greatly improving this energy efficiency. 
To what extent is, of course, problematical but it might 
be reasonable to expect that the curve, as shown, will 
continue during the next twenty years to the point of 
possibly 50 per cent efficiency by the year 1950. This, 
admittedly, is a very broad and general assumption and 
the facts by 1950 may vary widely in either direction 
from any such prediction. But a study of such possi- 
bilities indicates the relative economic limitations of 
competing water powers still to be developed. 

At the bottom of Fig. 1 are curves indicating coal 
economies through this century to date. Cost of coal 
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FIG. 2. COMPARATIVE COSTS OF STEAM AND WATER 
POWER GENERATION AS LOAD FACTOR INCREASES 


will no doubt continue to fluctuate within any short 
period but, in general, probably will follow a rising 
curve. The opinion of those best informed seems to be 
that it will continue to rise as the coal industry puts 
itself on a better economic footing, as it is bound to do. 

If the present $5 coal, delivered in Michigan, in- 
creases as shown on this diagram to $8 coal by 1950 and 
improvement in generating efficiency continues as 
shown, then these two factors will practically balance so 
that the fuel cost per kilowatt-hour will remain just 
about the same as at present. 


WHEN aA Kitowatt-Hour Is Nor a Kitowatt-Hour 


It was stated at the beginning that a kilowatt-hour 
of energy is not necessarily a kilowatt-hour of energy, 
in that the cost and’ value is not the same in all eases. 
This apparent paradox, like all others, becomes more 
evident when the peculiarities are made evident. A 
central steam station operating on so-called base load is 
entirely different in economy from the same station 
operating on peak load and the difference represents a 
considerable variation in net income available for divi- 
dends, although the total generation may be exactly the 
same in both cases. Steam generation is best adapted 
to base load operation, that is to a constant load 24 hr. 
per day. Referring to Fig. 2, the several subdivisions 
of steam generating costs are represented by the shaded 
areas respectively noted, starting from the bottom, as 
‘‘Operation,’’ ‘‘Fuel’’ and ‘‘Fixed Charges.’’ These 
costs in cents per kilowatt-hour generation are shown in 
terms of load factor. On the other hand, the output of 
the water power plant is usually limited by the avail- 
able stream flow. But the cost of the generating ma- 
chinery and its resulting fixed charges represent such a 
small proportion of the total water power development 
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expense and its total fixed charges that the increase in 
fixed charges for a twelve-hour plant are very nominal 
and are represented by the relatively fiat dotted curve 
shown on Fig. 2. Operating expense for hydro plants 
is, of course, almost constant regardless of load factor. 


Two DirrerENT Forms oF Economy CURVE 


We have, then, two radically different forms of 
economy curve for steam and water plants as applied to 
ordinary and usual forms of load. The steam energy 
cost increases rapidly with decreasing load factor. The 
hydro energy cost is but little affected by load factor. 
Evidently maximum economy is attained when full ad- 
vantage is taken of these basic differences. For present 
relative costs of central stations, their relative economies 
are about as shown on Fig. 2. The curve for total steam 
cost represents the best central station operating prac- 
tice and the total hydro curve represents about all that 
ean be expected from the best of the remaining unde- 
veloped hydro projects in the eastern part of North 

‘America. Obviously, it is useless to contend that the 
remaining hydro projects can compete with steam base 
load generating stations. To do so is merely to mislead 
temporarily and ultimately to work to the disadvantage 
of such hydro projected as may still be of value. On 
the other hand, to whatever extent reasonably priced 
water power projects can be applied to peak load and 
are adaptable to such operation they will, in general, 
prove economical. It is for this reason that the state- 
ment can be safely made that the cost of unit energy is 
not strictly comparable. 

Referring to Fig. 3, which is a typical work-day load 
chart of a Michigan utility, the application of this prin- 
ciple of mixed generation becomes more evident. 

‘It is interesting to note what the probable variation 
of the steam curve may be. If, during the next 20 yr., 
the overall thermal efficiency of the steam plants is in- 
creased to 50 per cent without any increase in coal 
price, then the fuel element of the total steam cost 
would become but 60 per cent of its present value as 
shown on Fig. 2. Scaling it down in this proportion 
but not changing operating or fixed charges would give 


a curve as indicated by the light line so noted. This,’ 


however, is an extremely optimistic possibility. The 
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probabilities, therefore, are that any lowering of. the 
total steam curve will be rather moderate and limited 
by the extreme position of the light line, as shown on 
Fig. 2. Under these conditions, it is reasonable to hope 
that there is still a place for the large, well-designed, 
suitable hydro peak load plants operated in conjunction 
with steam base load stations. It is a fact that prac- 
tically all recent hydro projects of note are planned on 
this basis. 

As an interesting generality, Fig. 4 shows the re- 
maining possibilities in the way of hydro generation, 
not only in this country but throughout the world, ac- 
cording to data gathered and published annually by the 
United States Geological Survey. 

As a general indication of the relative proportion of 
steam and water power generation in the United States, 
the bottom diagram on Fig. 4 shows the utility genera- 
tion of the last ten years. Utility generation is, of 
course, not entire generation but amounts to about five- 
sixths of it, according to Government reports. Evidently 
water power is just about keeping pace but is of minor 
proportions and just about represents that part of the 
utility load curves profitably provided by water power 
under present conditions. It might be a safe prediction 
that this is the limit of water power probabilities in this 
country for the next generation and that even such de- 
velopment can be undertaken profitably only in con- 
nection with large general power networks so as to make 
maximum advantage of the hydro plants with their 
large storages, which in a general way merely represent 
storage battery plants to equalize the system loads on 
the base steam station. 

Nortu AMERICA 
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FIG. 4. AT TOP, POTENTIAL WATER POWER RESOURCES 
FOR WORLD, NORTH AMERICA AND MICHIGAN. OUTER 
FIGURES SHOW PER CENT AVAILABLE, INNER FIGURES 
PER CENT DEVELOPED. AT BOTTOM, UTILITY GENERA- 
TION IN U. S. FOR 10 YR. 
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Power and Refrigeration 


jor Schrafft’s 


New Modern Candy Factory of W. F. Schrafft and Sons 
Corporation in Boston Served with Air of Correct Humidity 


and Temperature by Centrifugal 


F lesen THE SWEET tooth fraternity of this 
great sugar consuming nation, the name of 
Schrafft occupies a place of high esteem. From a small 
beginning in 1861 when Wm. F. Schrafft came to this 
country from Germany to set up a candy business, the 
organization which still bears his name has grown to 
tremendous proportions. 

Behind the name which characterizes the quality of 
every box of Schrafft’s confections, in Boston, Massa- 
chusetts, stands an immense factory—one of the finest 
and most splendidly equipped in America. Not only 
does this plant possess the most improved automatic 
equipment for making candies as fine as any known 
in the art, but it incorporates the last word in straight 
line production methods. Manufacturing materials 
enter from one rail siding and manufactured products 
depart from another with practically no lost motion or 
lengthy storage. 

Apart from the main factory building in a separate 
well designed structure is the power plant which sup- 


FIG. 1. VIEW 


Refrigerating Equipment 


plies the factory with all necessary commodities, steam, 
water, electricity and refrigeration. 

Among the features of particular interest in this 
plant are the five centrifugal refrigerating machines. 
These machines operate almost automatically, so that 
practically no expert attention is required throughout 
an entire season. ; 

The five refrigerating machines are rated as follows: 


2—75-ton units for brine service at 15 deg. F. 
1—100-ton unit for water service at 37 deg. F. 
2—200-ton units for water service at 37 deg. F. 


These units are all steam driven, the 75 and 100-ton 
machines being driven by 125-hp. turbines and the 200- 
ton by 240-hp. turbines, all running condensing. Two 
surface condensers are provided to serve these units, 
one for the three 125-hp. turbines and the other for the 
two 240-hp. turbines. 

It is interesting to note the conditions required in 
the various departments of a candy factory since the 
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OF THE TURBINE AND ‘REFRIGERATING MACHINE ROOM AT THE NEW SCHRAFFT FACTORY 





POWER PLANT 
ENGINEERING 


October 1, 1929 





{ 


Fig. 2. The two turbine gen- 
erators which furnish electricity 
at 550 v., 60 cycles, a.c. 























low summer temperatures will afford some idea of the 
tremendous refrigerating capacity necessary to their 
maintenance. 
Dry bulb 
temperature in room 
Chocolate enrobers (cold end).... 50 deg. 
Chocolate dipping 
Fancy packing department 


Steam for all purposes is produced at 230 lb. pres- 
sure by two 500-hp. cross-drum, water tube boilers, 
fired by oil and fitted with air-cooled furnaces. Steam 
atomization is used, the steam pressure at the burners 
varying up to 35 lb. and the oil pressure up to 10 lb. 
Two duplex steam pumps circulate the oil through the 
burner system. The oil is heated to about 160 deg. F. 
before being delivered to the burners. Draft for com- 
bustion is provided by a 200-ft. stack having an inside 
diameter of 10 ft. at the top. 

While the turbines use steam at boiler pressure, 
for certain process work 90 lb. steam is required. This 


is supplied from the main headers through a reducing 
valve and to desuperheat it, this steam is passed through 
a heater. A portion of the feedwater to the boiler is 
passed through this heater, thus cooling and desuper- 
heating the steam. 

Current for all purposes is generated by two turbine 
generators, one rated at 750 kw. and the other at 1000 
kw., both at 80 per cent power factor. For general 
purposes, 60-cyele alternating current is used at a 
potential of 550 v. 


For certain applications in the factory, however, 
variable speed motors are required and for these ser- 
vices direct current is supplied by two motor generator 
sets, one a 240-kw. set driven by a synchronous motor 
and the other a 50-kw. unit driven by an induction 
motor. The synchronous motor driven set is used also 
for power factor correction. 

The entire power plant is under the direction of 
C. F. Hill, chief engineer, who maintains it at top notch 
efficiency at all times. 








Fig. 3. A closeup of two of the 
centrifugal refrigerating ma- 
chines. These units as may be 
noted are steam driven by tur- 
bines connected directly to the 
compressor shafts 
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Determining Best Metal for Bearings’ 


THE AppiITION oF 4 Per Cent Zinc IN Copper-Tin-Leap ALLoys Has LittLE 
INFLUENCE ON THE PROPERTY OF THE BRoNZES. By H. J. FrencuH Aanp E. M. STAPLES 


B EARING METALS are subjected to a wide range 
of conditions in service. Failures occur by wear or 
by inability to carry the required loads, to withstand 
impact or to resist deformation which is commonly 
known as ‘‘pounding out.’’ In addition to these prop- 
erties, consideration must also be given to frictional 
properties, starting torque, ability to operate at high 
temperature and ease of manufacture. 

Conditions encountered in practical service are sel- 
dom simple. Usually they are such that the selection of 
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the bearing metal is a compromise to obtain the best 
combination of properties. Wear of bearing metals can- 
not be divorced from lubrication and most bearings are 
designed for service in the: presence of oils, greases or 
other lubricants. The conditions of lubrication encoun- 
tered industrially vary from the so-called complete film 
lubrication to practically no lubrication at all. 

Methods of test are subjects of controversy and while 
the selected methods of these tests do not completely 
characterize the properties of interest in bearing 
metal applications and probably cannot be justly used 
for fine discriminations, they enable classifications of 
groups of metals in a way which will eliminate large 
numbers of alloys from consideration when attempting 
to select metals for definite types of service. Final 
selection then can be made from a smaller group by 
actual service tests or in other ways. 


Tests WitHout LupricaTIoN ARE OF: MorE VALUE 


As has been pointed out, conditions of lubrication 
encountered industrially vary from so-called complete 
film lubrication to practically no lubrication at all. 
Probably much of the wear produced in actual service 
occurs during periods of so-called boundary lubrication. 


*From a paper presented before the A.S.T.M. and published 
with the approval of the Director of the Bureau of Standards. 


Since this is essentially an unstable condition of lubrica- 
tion, it does not appear practicable at this stage in the 
development of wear testing to obtain reproducible re- 
sults under conditions of boundary lubrication. Wear 
is not an important factor in the presence of complete 
film lubrication, therefore it seems logical to use tests 
without lubricants as the base line for present compari- 
sons and the development of a testing technique. 

Tests made in the presence of oil are shown graph- 
ically in Fig. 1, for four different bronzes, both with 
and without zine. These tests, however, cannot justly 
be given as much weight as those made without oil. This 
is due to the fact that in the dry wear tests the bronzes 
quickly showed fairly constant and relatively high rates 
of wear, while in the presence of oil the first rapid wear 
was followed by decreases to low wear rates. Further- 
more, while the tests with oil were continued for periods 
four to seven times as long as those required to reach an 
actual or apparent state of equilibrium in the dry wear 
tests, it is not known whether further decreases in the 
wear rates and a practical elimination of the differences 
between the different bronzes would result if the tests 
in the presence of oil. were continued for longer periods. 

Aside from the low rates of wear shown by all the 
bronzes subsequent to the ‘‘wearing-in’’ period, it will 
be observed that the high-lead bronzes wore somewhat 
more rapidly in the presence of oil than did the low- 
lead bronzes. This is directly opposite to the effects 
observed in the absence of oil. 


Errect oF AppINnG 4 Per Cent or ZINC 


Addition of 4 per cent of zine to the copper-tin-lead 
alloys did not produce outstanding differences in the 
wear rates subsequent to the ‘‘wearing-in’’ period in 
the tests made with oil but the weight losses and the 
durations of the ‘‘wearing-in’’ periods were generally 
greater in the bronzes with zine than in the correspond- 
ing alloys without zine. The ‘‘wearing-in’’ period in 
tests made in the presence of oil is known to be depend- 
ent quite largely upon the smoothness of the original 
contact surfaces, the oil, the metals themselves and other 
factors including contact pressures and rates of slip. 
Since the bronzes with and without zine were not all 
prepared and tested at one time, the described differ- 
ences in performance may not be the result solely of the 
additions of zine. 

Even if the results of the wear tests with oil are 
assumed to establish that zine tends to increase the 
weight losses and duration of the ‘‘wearing-in’’ period, 
zine will not necessarily exert a deleterious effect upon 
bronzes used in bearings since the importance of the 
‘‘wearing-in’’ period is a function of the fit. The better 
the fit, the smoother the original surfaces and the better 
the conformity of bearing and shaft, the less will be the 
practical importance of the ‘‘wearing-in’’ period and 
the effects of the zinc. 

Alloys with less than about 4 per cent of tin are not 
well suited for general bearing service since their wear 
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rates remained relatively high even in the presence of 
appreciable proportions of lead. Alloys with less than 
about 4 per cent of tin also showed a strong tendency 
toward ‘‘flat wheel’’ effects which may be taken to in- 
dicate low resistance to deformation. 

There is a two-fold advantage gained from the addi- 
tion of the tin to copper in that the rate of wear is 
reduced and the strength or resistance to deformation is 
increased. On the other hand, the copper-tin alloys, 
low in lead, have relatively unfavorable frictional prop- 
erties and acquire rough worn surfaces. Worn surfaces 
of alloys high in lead were relatively smooth and the 
friction was relatively low. Both of these latter char- 


40 Lead 





100 Copper 


(a) Torque. 40 Lead 
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100 Copper 40Tin 100 Copper 


FIG. 2. SPECIAL FEATURES OBSERVED IN WEAR TEST 
MADE WITHOUT LUBRICATION AT ATMOSPHERIC TEM- 
PERATURE 


acteristics are favorable in preventing damage during 
temporary inadequate lubrication. High friction will 
tend to increase the operating temperatures, to accel- 
erate wear and to promote seizures. Rough worn sur- 
faces may increase the tendency to score the shaft. 

While increases in either lead or in tin produced 
progressive decreases in wear rates, these metals can- 
not be added in any proportions within the limits inves- 
tigated without materially affecting other properties of 
interest in the application of bronzes in bearings. From 
the viewpoint of practical bearing applications, the cop- 
per-tin-lead alloys may be roughly divided into five 
groups, shown in Fig. 2. 

Group A. This group, comprising alloys with less 
than about four per cent of tin, is unsuited for general 
bearing service since the alloys have low resistance to 
deformation and wore rapidly in the absence of lubri- 
eation. Some of these alloys, high in lead, may serve 
satisfactorily for service involving low loads. 

Group B. This group, comprising alloys with less 
than about five per cent of lead and up to about 11 
per cent of tin, appears to be suited for ordinary con- 
ditions of service where neither great strength nor the 
ability to operate in the absence of lubrication is re- 
quired. These alloys are relatively tough, and those 
with the highest proportions of tin have moderately high 
resistance to deformation. 

Group C. Alloys in this group, containing from 
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about 11 to 15 per cent tin and less than about 5 per 
cent lead are stronger but have a lower toughness than 
alloys of Group B. They should serve well where re- 
sistance to deformation is required but would not be 
chosen for applications when lubrication cannot be 
maintained. Failures are liable to occur at sharp oil 
grooves under suddenly applied loads, especially with 
those alloys with the lowest proportions of tin. 

Groups D and E. Alloys in these groups are best 
able of the alloys tested to operate for short periods in 
the absence of lubrication. They contain from about 
4 to 16 per cent of tin and from 5 to 30 per cent of 
lead. They have favorable frictional properties. 

Results of tests at elevated temperatures differed 
numerically from those at atmospheric temperatures but 
the trends in the copper-tin-lead system were generally 
similar. Increase in temperature raised the wear rates 
and lowered the notch toughness, but the pounding re- 
sistance was not appreciably affected within the range 
of 70 to 600 deg. F. 

Zine, when added in small amounts to copper-tin 
alloys, acts as a deoxidizer and the resultant castings 
are generally freer from oxides and blowholes than un- 
treated metal. When present in quantities greater than 
2 or 3 per cent, zine is generally considered to have a 
deleterious effect on the strength and ductility of 
bronzes. Copper-tin-zine alloys, however, are widely 
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used industrially and have very excellent properties. 

Further development of methods for wear in the 
presence of lubricants may show that zine tends to in- 
crease the weight losses and duration of the ‘‘wearing- 
in’’ period of bronze bearings but since this is also a 
function of the perfection of fit, such effects would be 
disadvantageous only in certain cases. 

In general, the tests seem to justify the conclusion 
that the effects of zine up to 4 per cent are generally 
small and may be insignificant in comparison with 
changes in properties quite readily produced in bronze 
from variations in foundry practice. This should not 
be construed to apply to additions of zine when other 
impurities are present. 
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Alinement Chart Construction 


Accuracy Is or Prime Impor- 
TANCE. By Louis E. Partcu 


1% THE SOLUTION of complicated engineering for- 
mulas, the value of alinement charts depends 
upon the accuracy with which they are constructed. 
The material upon which these charts are drawn should 
not be of paper or cloth, or even a combination of these 
materials on account of the possibility of warping and 
shrinking. Sheet metal is much better, preferably 
aluminum. This may be sprayed with white Duco at 





SCALE TO GRADUATE ALINEMENT 
CHART 


USING SLIDE RULE 


almost any automobile painting works and the surface 
can then be prepared for pencil lines and ink by re- 
moving the glossy finish with steel wool. The surface 
should then be rubbed thoroughly with a common pencil 
eraser and any grease from fingermarks may be re- 
moved in the same way. Final cleaning may be done 
with gasoline and if a considerable number of changes 
are to be made after inking has been done, a weak 
solution of ammonia may be used. Soap and water are 
just as good, but requires a subsequent washing with 
clear water to remove the soap. 

Seale lines should be drawn as accurately as possible. 
A tee square should not be used. A steel straightedge 
is much better. After one line is established other 
parallel lines may be drawn by measuring between the 
lines to make sure the lines are parallel. These should 
be as accurate as drafting instruments and keen eye- 
sight can make them. A variation of 0.005 in. is easily 
detected and unless considerable care is used it is easy 
to make a chart that will be inaccurate. Care should 
be taken when photostats are made that the chart lies 
perfectly at right angles with the lens and that the 
paper in the machine is properly placed. A trial shot 
should be made and checked and adjustments made to 
correct any observed faults. If reductions are to be 
made, the chart should be located so that the reduced 
image is in the middle of the sensitized paper. It costs 
perhaps four times as much, but it is worth it. 

Transferring logarithmic scales from the slide rule 
to such a chart may be accomplished by the method 
shown in the illustration. The ‘‘New Simplon”’ Uni- 
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versal Set Square is used. The short bar of a log-log 
slide rule is placed against the adjustable leg and a 
square bar of wood coated with glue on two sides holds 
the slide rule bar to the set square. The glue will loosen 
from celluloid in about two hours. In this way it is 
possible either to increase or reduce a scale and still 
be sure of accuracy. The set square slides along the 
steel straightedge and the slide rule scale is always at 
right angles to the line that is being divided. When 
a division on the slide rule scale comes in line with the 
line being divided, a division is drawn. Divisions may 
be drawn in pencil and may then be inked. If a ruling 
pen is fitted with an attachment to hold it away from 
the slide rule bar, inking may be done directly. A drop 
of solder is the best for this purpose. Lettering should 
be carefully done. If possible, a stencil should be used 
or guide lines should be drawn and letters should be 
earefully penciled and corrected before inking. 


Testing New York City’s Largest 
Meter ‘ 


ACCOMPANYING PHOTOGRAPH shows the official test 
being given to the largest meter in New York City. The 
mechanism in the glass case at the top is the meter, 
while its accessories are beneath. It is used to measure 


OFFICIAL TEST OF NEW YORK’S LARGEST POWER METER 


the current that goes into the substation of the New 
York Central Railroad in the Graybar Building from 
three 11,000-v., 25-eyele feeders of the New York Edison 
Co. 

Those kneeling, left to right, are: G. C. Becker, 
general tester, New York, and Charles J. Clark, elec- 
trical engineer of the New York Public Service Com- 
mission. Standing are A. F. Hamdi, assistant engineer, 
Meter and Installation Department, New York; W. T. 
Russell, formerly foreman of the Test Department, New 
York, and now supervisor of tests for the New York 
Central, and W. I. Ellis, general foreman, Bronx Dis- 
trict, Meter and Installation Department. 
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Preliminary Design of Hydraulic Turbines 


ENGINEER DesiGNING Progyect CaN DETERMINE GENERAL CHARACTERISTICS AND DIMENSIONS 


OF TURBINES BY MeTHops GiveN, Leavine DetaILs TO MANUFACTURER. 


N PREPARING preliminary estimates for any water 
power project, it is often important for the engineer 
to be able to approximate the dimensions of the turbine, 
the efficiency curve and the allowable height above tail 
water for satisfactory operation. Determining the exact 
dimensions of an hydraulic turbine is not of vital im- 
portance to the average engineer because the various 
turbine manufacturers can do it far better than can 
any one else. That is their business. But the ability 
to approximate the dimensions, the discharge velocity 
and the efficiency curve will often:save much work in 
the final design and will permit the preliminary design 
to be sufficiently accurate so that changes forced by the 
manufacturer’s design will be only minor, thus avoiding 
a complete redesign of the project. 

Many designs get beyond the preliminary stage only 
after a long period of years and often, in arriving at 
any one final site several sites are examined. It is 
hardly fair to the manufacturer to ask him to submit 
proposals on a series of possibilities, when all necessary 
information can be determined by the engineer himself 
with sufficient accuracy. Also the engineer is saved a 
large number of interviews with salesmen and designers. 


Most Water Tursines ArE Now InpivipuaL DEsIGgNs 


In the early days, a manufacturer had designs for 
some four or five turbines of different specific speeds, 
say of 25, 35, 45, 60 and 80 and with these designs, by 
the laws of geometric similarity, he could produce a 
turbine design for any diameter, horsepower and speed 
with a fair efficiency, even if it was sometimes necessary 


MAX SAFE SPECIFIC SPEEO 


° 
MEAD IN FEET 


MAXIMUM SAFE VALUES OF SPECIFIC SPEED FOR 
VARIOUS HEADS 


FIG. 1. 


to place four or more turbines on the same shaft. If 
the turbine required was of a specific speed of 70 or 90 
the stock 80 speed turbine would meet the conditions 
reasonably well and it was possible to make patterns for 
the usual diameters. Thus the shop and foundry were 
kept busy all the time and the turbines were usually 
sold from stock. 


*Assistant Professor of Mechanical Engineering, Columbia 
University. 


By R. T. Livineston* 


As the horsepower and capacity per unit increased, 
however, it became increasingly important to obtain 
higher efficiencies and higher speeds. Special designs 
were necessary and, as the average size of unit in- 
creased, it was no longer economical to tie up so much 
money in stock. The stock turbine passed, except for 
a few companies which continue to do such business 
and the capacity which they sell is only a small per- 
centage of the total annual sales. 

The special design required makes it necessary for 
the engineer to go to. the manufacturer for most of his 
information and it is the aim of this article to assist 
the engineer to determine the approximate dimensions 
and other pertinent data on any job, without depend- 
ing upon the manufacturer for anything but the final 
and adopted design. The curves presented in this ar- 
ticle were obtained from an analysis of over one hundred 
different tests, most of them at the Holyoke flume. 
Data thus obtained were plotted and replotted until 
mean curves were obtained that checked with one an- 
other. It is to be understood that these data represent, 
not the performance of the line of turbines of any one 
manufacturer, but rather a mean between all extremes 


90 100 i20 


60 60 
SPECIFIC SPEED Ng 


RATIOS OF R AND P PLOTTED AGAINST SPECIFIC 
SPEED. R 1S THE SPEED CONSTANT OR THE RATIO BE- 
TWEEN ACTUAL BLADE TIP SPEED AND VELOCITY COR- 
RESPONDING TO H. P IS HORSEPOWER OF WHEEL WITH 
DIAMETER OF ONE FOOT OPBRATING AT ONE FOOT HEAD 


FIG. 2. 
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TURBINE CONSTANTS 


SPECIFIC SPEED Ng 


TURBINE CONSTANTS AS GIVEN BY THE EQUA- 
TIONS, PLOTTED AGAINST SPECIFIC SPEED 


FIG. 3. 


met. In practice the curves and dimensions will check 
within reason with any estimates or bids received. It is 
possible, for example, to obtain practically the same per- 
formance from two turbines of entirely different design, 
the smaller turning at a higher speed and using higher 
velocities in general. 


RELATION OF HEAD AND SPECIFIC SPEED 


In Fig. 1 is presented a curve (with a split abscissa 
seale) which shows the value of specific speed which 
may safely be used with any head. This curve was ob- 
tained by plotting actual installations, and the specific 
speeds shown are at maximum power. 

In practice, a number of installations use higher 
specific speed for any head than is shown by this curve 
but high specific speeds should be used only in special 
conditions and then only with the approval of the 
manufacturer and his guarantee of successful operation. 
From this curve it is possible to choose the maximum 
specific speed to use at any head and, knowing the horse- 
power the speed of the installation can be determined 
by rearranging the familiar specific speed formula: 


N. =N X Vhp + H°/* hence N = N, X H*/* + VWhp 


Where N, is the specific speed, N is actual speed in 
r.p.m., hp is horsepower and H, head in feet. It is to 
be noted that H*/* equals H VVH and is easy to 
determine. The speed thus determined is probably not 
a synchronous speed and, if a direct-connected gener- 
ator is used, it must be corrected to the next lower 
synchronous speed. 

With the aid of Fig. 2, the rated diameter of the 
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PERCENT MAX, POWER 
AT MAX, EFFICIENCY 


PERCENT OF FULL GATE OPENING 


° 10 20 30 40 so 60 70 80 90 100 HO 
SPECIFIC SPEED, Ne 


FIG. 4. TOP, PER CENT MAXIMUM POWER AT MAXIMUM 

EFFICIENCY AT VARIOUS SPECIFIC SPEEDS. BELOW, 

LINES OF CONSTANT EFFICENCY PLOTTED AGAINST GATE 
OPENING AND SPECIFIC SPEED 


turbine can be determined but it is first necessary to 
determine the specific speed at maximum efficiency, for 
which conditions Figs. 2, 3 and 4 are determined. On 
Fig. 4 at the top is shown a curve giving for any 
specific speed the per cent of the maximum power where 
there is maximum efficiency. By trial and error, it is 
possible to determine the correct specific speed at maxi- 
mum efficiency, which will always be lower than as e¢al- 
culated before. Having determined this, it is then 
possible to go to Fig. 2 and read off the values of R 
and P. 

R is the speed constant’ or the ratio between the 
actual speed of the tip of the wheel blades and the 


‘Although the speed constant is commonly denoted by the 
Greek letter “phi,” R has been used here for editorial reasons. 
Other symbols used are: 


N, = specific speed 
N = Actual speed, r.p.m. 

= horsepower 

= head in feet 

= diameter blade tip circle in feet 

= horsepower of 1-ft. dia. wheel at 1-ft. head 
= absolute discharge velocity, feet per second 


rs 


to 


= turbine efficiency, per cent 
= draft tube efficiency, per cent 


MH <vo 


= height of inlet passage, feet 


Ow 


° 


= outlet diameter, feet 
» = vertical component of discharge velocity, feet per 
second 

= height above tail water, feet 

= flow in cubic feet per second 

= (Q-X 2625: << XR) 2 550 

=O) Xone xX) -— ao 

In the problem given, H = 75 ft., therefore Q = hp + 

(8.52 X E). Thus, in the table, Q is determined in each case 
by dividing the horsepower by its corresponding value of 
(852 X-E): 


< 
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velocity corresponding to the head of the installation, 
thus: 

R=D XN + (153.3 & VH) 
where D is the diameter of blade-tip circle. 

P is defined as the horsepower of a wheel of the 
given series with a diameter of one foot and operating 
under one foot head 

P = hp + (D? X H*?) 
Again it is easy to remember that H*’? — H X VH. 
These two factors are related by the formula 

N, = 153.3 X RX VP 
but this is not a familiar relation and is seldom used 
so that curves for both R and P are shown. By these 
two formulas, D can be determined and the two values 
obtained give a check on one another. 

Figure 3 enables one to determine the principal 
physical dimensions of the installation, the height of 
inlet and the diameter at outlet and also the velocity of 
the water discharge by the turbine so that height above 
tail water level can be approximately determined. De- 
noting discharge velocity by V., 

K, = V, + V2gH » = K, X V2gH 
The familiar formula for height above tail water is: 
Vv.” 


aoa fo: x Ew ) 
2g 


where 27 is the barometric height less a vapor tension 
margin and a margin for governor acting. E, is draft 
tube efficiency. The efficiency of the draft tube must 
be assumed and will vary from about 75 per cent for 
large, modern, well-designed draft tubes to 50 per cent 
for the usual types and even less for bad conditions. 

The shape of the turbine efficiency curve can easily 
be determined from Fig. 4 where lines of equal efficiency 
are plotted against specific speed and per cent of full 
gate opening. By reading down continuously, the effi- 
ciency at different gate openings, the efficiency curve 
for any specific speed and the water requirements for 
any conditions of load can be determined. 


TABLE OF POWER, QUANTITY AND OTHER DETAILS OF 
10,000-HP. TURBINE AT 75 FT. HEAD, AS CALCULATED IN 
TEXT 
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Power % Eff.% E x 8.52 





2.64 
4.44 
5.36 
6.05 
6.56 


10 31 
20 52 
30 63 
40 71 
50 77 
60 82 6.99 
65 84 7.15 
70 7.26 
75 7.45 
80 7.55 
85 7.69 
90 7.70 
95 7.65 


100 7.44 
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Assume an installation is desired of 10,000 hp. under 
a 75-ft. head. Compute actual speed, assuming specific 
speed from Fig. 1, to be 76 
N, max. = N X Vhp + H*”‘ therefore F 
N = 76 X 75°/4 = /10,000 = 167 r.p.m. 
(Nearest lower synchronous speed = 163.5) 
True N, = (163.5 & 100) + 220 = 74.3 
Now turning to Fig. 4, 1st assumption: 
N, = 65, then maximum efficiency occurs at 0.86 - 
full load or at 8600 hp. 
Test N, = (163.5 « 92.6) + 220 = 68.9 
This does not check; try again 
2nd assumption : 
N, = 70, then max. eff. is at 0.875 full load = 8750 hp. 
Test N, = (163.5 X 93.5) + 220 = 69.5 
This is near enough. 
Now for N, = 70 from the curves the following 
values of the factors are obtained: 
R = 0.778 K, = 1.240 
P = 0.342 K, = 0.446 
K, = 0.465 K, = 0.420 
Caleulating the diameters from these factors. 
R= (D X N) = (153.3 & VH) whence 
D = (0.778 X 153.3 « 8.65) + 163.5 = 6.3 ft. 
hp = P X D? < H*/? whence 
D? = 8750 ~ (0.342 & 647) = 39.5 ft. 
Height of inlet, B = 2.93 ft. 
Outlet diameter, D, = 7.81 ft. 
V, = 0.446 < 8.02 « 8.65 = 31 
V,?/2g = 14.9 
Eq: assumed at 75 per cent 
Z = 27 — (149 X 0.75) = 15.8. ft. 
Now, from Fig. 4, tabulate values of per cent power, 
QxHXxXE 
8.8 


the quantity of water required can easily be determined, 
as shown in the table. 

By plotting this last, the amount of water necessary 
to keep the turbine at synchronous speed without load 
ean be determined by finding the intersection with the 
ordinate. Figure 5 shows the results graphically. 


These cheek. 


power and efficiency. Then from the formula 


& QUANTITY 
a 


& 
o 


EFFICIENCY 
3 


5 6 ? 8 9 
HORSE FOWER IN THOUSANDS 


FIG. 5. EFFICIENCY AND QUANTITY CURVES FOR 10,000- 
HP. TURBINE AT 75 FT. HEAD, PLOTTED FROM CALCULA- 
TIONS SHOWN IN TEXT 
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Draft Trouble Caused By Improper 
Fan Setting 
ReEcENTLY draft troubles developed at a certain 
grain elevator. Underfeed stokers had been installed 
under two 72-in. by 18-ft. h.r.t. boilers. Irregular load, 
varying from 50 to 300 per cent of rating was carried 
on the steam plant and only one boiler was used at a 
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IMPROPER SETTING WITH DUCT AT RIGHT 
ANGLES TO PLANE OF ROTATION OF FAN 

















FIG. 1. 


time.- Previous to the installation of the stokers, the 
boilers were hand fired and had always been able. to 
carry the load but with the stokers it was. impossible 
to carry two thirds of the required load. Three build- 
ings or elévators are in this group, each of which is 
provided with an engine. i 

When I arrived at the plant, they were carrying a 
bright fire 24 in. thick all over the stoker. Steam was 
down to 40 lb. and the stoker would not operate. On 
looking over the layout. I found that the forced draft 
for the stoker was furnished by a 40-in. three quarter 
housing fan, having a capacity of 5300 cu. ft. per min. 
when operating at speed of 1240 r.p.m. under a pressure 
2 oz. It was driven by a 5 by 6-in. 325-r.p.m. vertical 
engine. On checking the speed of the fan, I found it 
was turning only 950 r.p.m. and therefore speeded up 
the engine but could get only 1020 r.p.m., which did not 
improve the draft. - 

Inspecting the setting, it was found that the fan had 
been incorrectly installed as shown in Fig. 1. An open 
- pit 28 in. deep, 28 in. long by 14 in. wide had been 
cast in the floor and the air duct was connected at right 
angles to the fan wheel. Figure 2 shows how it should 
be built. 
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We moved the fan, therefore, built a form on top 
of the floor and poured it with concrete, forming a 
foundation having a hollow rectangular center as shown 
in Fig. 2. We then mounted the fan on top of this 
foundation, with a duct connection of sheet metal as 


16"DIA. INLET 





























FIG. 2. PROPER SETTING SHOWING SHEET METAL FORM 
IN DOTTED LINES AND END ELEVATION OF DISCHARGE 
END OF FAN DUCT 


shown dotted, and then filled the space around the sheet 
metal with concrete. A larger flywheel was also put on 
the engine. These changes enabled the boiler to operate 
easily at 200 per cent rating. 


Minneapolis, Minn. Frep S. RuTLEDGE. 


Trifling Losses 


SEARCHING for losses, many of us make the common 
error of looking only for the big losses. Big losses are 
usually found easily enough but, on investigation, it 
may be learned that the cost of making new installations 
or alterations would be so great that the plan is aban- 
doned. The initial cost looms up like a mountain. So, 
we sit back comfortably in our chairs, fold our hands 
and say, ‘‘It can’t be done with the capital available,’’ 
and then nothing is done. 

Trifling losses, on the other hand, are overlooked 
because they appear to be so small as to be ‘‘not worth 
bothering with.’’ True enough, there is such a thing 
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as devoting too much time to small details. It doesn’t 
pay to spend $100 merely to save $100. It hardly pays 
to spend $100 to save $106. So many factors enter into 
industrial problems, such as labor, interest, depreciation, 
rent and overhead, that accurate computation is difficult 
and usually impossible. 

But, in most establishments where power is used, it 
is a pretty safe bet that the simple trifling losses, when 
added together, amount to more than the single big loss 
that, because of its bigness, can be plainly seen. Be- 
sides, the cost of eliminating the small losses may be 
considerably less than that for eliminating the big loss. 

For example, a foreman finds that a machine isn’t 
running fast enough. It is running five per cent too 
slow due to belt slip. He cannot speed it up because 
the driver was designed to run at-just one speed. The 
foreman may not know it but in addition to the five per 
cent power loss, the driving engine or motor is doing 
just as much work as if it were pulling full load. The 
actual load of the driven machine plus the power loss 
due to belt slip is equal to the full normal load without 
slip. , p 

Of course the foreman knows or feels that produc- 
tion could be increased by spending a few cents to 
treat the belts and make them pull without slipping. 
He also knows that large pulleys are not so likely to 
slip as are small ones. But he is not fully aware of the 
seriousness of the loss, neither is the superintendent. 
He has spoken to the superintendent about the matter 
but the superintendent says that everything is O. K. 
aside from the slight five per cent production loss. He 
says to the foreman, ‘‘If we wanted to increase the 
speed five per cent, we would buy a larger driving pulley 
for $30 but that wouldn’t pay. It’s too much trouble 
and too expensive.’’. There the matter rests. 

_ As a matter of fact, though, a new $30 pulley prob- 
ably isn’t needed at all. Often about five cents’ worth 
of belt treatment will put the belt in proper condition 
to do full work without slipping. 

If five cents worth of belt treatment will save the 
cost of a $30 pulley, plus the cost: of five per cent of 
the power, plus five per cent: of production, isn’t that 
worth while? 

Trifling losses are worth investigating. If it is 
possible to stop them at slight expense, as is usually the 
ease, the return on the investment will be large. 

Newark, N. J. W. F. ScoapnHorst. 


Leaky Condenser Tube Detection 


LEAKY CONDENSER TUBES cause trouble in power 
plants because such leakage contaminates the boiler 
feedwater and is a fertile source of scale and corrosion 
in the boilers and feedwater piping. Usually the first 
sign of abnormal leakage is a perceptible reduetion in 
the normal amount of make up required. Circulating 
water, leaking into the steam side of the condenser, 
mixes with the condensed steam and becomes part of 
the feedwater. In a plant using normally 10 or 15 per 
cent make up, one split tube can cause so much leakage 
that water will have to be drained from the feed system. 
The leakage goes on at a constant rate while the unit 
is in operation and as the pressure in the water box 
is usually from 5 to 10 lb. gage and 25 to 28 in. on the 
steam side, the pressure forcing the water through the 
erack is considerable so that a small leak like this can 
pass a great deal of water in 24 hr. 
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If spray ponds are used, the condition is much worse 
because the cooling water in recirculating systems is 
always bad due to concentration caused by evaporation. 

After a leak is discovered, the first thing is to re- 
move one or more manhole covers or the condenser head, 
if the unit is so small that it has no manholes, and start 
up the ejector or vacuum pump. If the leak is of some 
size such as that caused by a split tube, it can usually 
be found by listening for the sucking sound produced 
by the inrush of air. If the leak cannot so be located, 
the hand, preferably moistened, can be rapidly swept 
over the tube sheet and the faulty tube found. If the 
leak or leaks are small such as around the packing or 
joints, it is best to go carefully over the entire tube 
sheets at both ends with a lighted candle, examining 
every tube end. Leaks will be indicated by the sucking 
in of the candle flame. 

After the leak is discovered and if it cannot be 
stopped by tightening the ferrule or by new packing, 
the best thing to do is to plug both ends of the bad 
tubes with wooden or cork plugs. It is easy to plug 
one end of one tube and the other end of another tube 
by mistake so it is best to hold a candle at one end of 
the tube to be plugged and sight through it to be sure 
that the right ones are plugged. If leaks occur often, 
the plugged tubes can be left until there are so many 
of them that the vacuum is affected. When this hap- 
pens, the unit can be shut down and all of the faulty 
tubes renewed at once. Sometimes with cold water, 50 
per cent of the tubes can be plugged before retubing is 
necessary. 

Another method which is preferred by some engi- 
neers but which takes more time, is to fill the steam side 
of the condenser with water as high as the exhaust end 
of the turbine. If the manholes are taken off, leaks ean 
be detected by the leakage of water either out of or 
around the tubes. Sometimes 10 or 15 lb. press. of air 
is put above the water so as to give about the same pres- 
sure differential as exists in service. This method is 
effective but. must be used with care, especially if the 
condenser is set on springs or hung from the turbine. 
When using compressed air, it is necessary that the 
pressure be watched carefully so that it does not go 
high enough to strain the low-pressure end of the tur- 
bine. 

When using the candle method, full vacuum cannot 
be obtained because of leakage around the turbine 
spindle. This is not enough to cause much trouble, 
however, and an oil soaked rag, not waste, can be 
wrapped around the shaft to reduce the leakage, if 
desired. In fact it is advisable, if there is much dust 
in the air, as it keeps the dust from being sucked, into 
the bearing. Putty should never be used for this pur- 
pose as the danger of getting grit in the bearing is 
too great. 


Brooklyn, N. Y. Peter ROBBINS. 


New orpDERS for 2052 steel boilers were placed in 
July, as reported to the Department of Commerce by 80 
manufacturers comprising most of the leading firms in 
the industry, as compared with 1685 boilers in June and 
1932 boilers in July, 1928. Of this number, 2024 boilers 
were sold for stationary work, having a total surface 
of 2,022,509 sq. ft. The remaining 28 boilers were for 
marine service with a total surface of 58,690 sq. ft. 
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Instrument for Recording Condensate 
Discharge 

SoME TIME AGO, I had occasion to help the foreman 
of one of the departments with some work he was 
doing on a new apparatus to drain the heating coils 
of a dye vat. Difficulty was being encountered on the 
night shift because some of the operations were not 
properly codrdinated by the workmen who were out of 
sympathy with the work. 

In order to check up the operation of the drain 
equipment and the progress of the process work, it was 





CONDENSATE 
FROM COILS 








NOTCHED PIPE AND PARTS OF DISCARDED DRAFT GAGE 


FORM SIMPLE RECORDING DEVICE FOR LIGHT FLUID 
DISCHARGES 





necessary for a man to be on hand at all times; the 
foreman could not do that and no money was available 
for hiring a man, so he asked me whether it would be 
possible to borrow a flow meter from the power house. 
Most of the time, there was only a dribble of water 
which would not have showed up on any meter we had 
so I used an old draft gage which I found in a junk 
bin but which still had a good pen and a clock that 
would run after it had been properly cleaned with 
kerosene. 

In this meter a long float, which works up and down 
in a fairly close-fitting cylinder, has a pen arm soldered 
directly to it so that a proportional reading is given. 
The lower part of the cylinder was cut off and fitted 
over a short section of pipe, as shown in the sketch, 
after a sharp, deep notch had been filed in it as shown. 
The piping was set up vertically and provided with a 
float and the recording mechanism so set that when 
water just starts to flow out of the notch the pen is at 
zero on the chart. As the flow increases, the float and 
attached pen rise, leaving a good record of when and 
by what amount the coils were being drained. No 
record was kept or desired of the actual amount of 
water flowing out of the pipe, although the meter could 
easily have been calibrated by catching and weighing 
the amount in a definite length of time or, if the flow 
was considerable, a V noteh with definite angle which 
ean be found in any handbook could be made and the 
flow ealeulated from a formula. 

This is an easy means of making an accurate flow- 
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plants. Practically all old recording draft gages use 
a float which can be adapted in this way to fill an 
emergency need. 


Brooklyn, N. Y. FP, Paw. 


Field Coil Maintenance 


Ir IS ESSENTIAL in the operation of direct current 
motors and generators that the field coils be main- 
tained properly, for they influence the efficient opera- 
tion of the machine to a considerable extent. In order 
that the field poles be of approximately equal strength, 
the air gaps between the armature and the field poles 
should be as nearly as possible the same. A non- 
uniform magnetic field will cause an unbalanced mag- 
netic pull at different points around the armature 
which will greatly increase the rate of wear on the 
bearings. 

One weak field coil will often cause sparking on the 
adjacent set of brushes, this sparking being incurable 
until the trouble in the field coil is rectified. Faults 
which occur in field coils are open circuits and short 
circuits, the former showing themselves by a loss of 
the magnetic field. Short circuits are more common 
and often occur between the leading-in wires and some 
turns of the coil. 

While a coil short-circuited in this manner may 
not cause an immediate burn-out it will greatly weaken 
the flux from that coil, the amount of weakening de- 
pending on the number of turns cut out. Naturally, 
the ohmic resistance of the magnetic circuit is also 
reduced. 

Consider for example, the case of a 6-pole 220-v. 
motor each field coil having a resistance of 20 ohms 
giving a total resistance in the magnetic circuit of 120 
ohms. The current will be 220 ~ 120 — 1.84 amp. 
but if a fault occurs in one coil reducing the resistance 
to 110 ohms the current will be 220 ~ 110 = 2 amp., 
a current increase of 0.16 amp. This current increase 
will cause a great increase in the heating and may re- 
sult in coils being burned out. 

All the coils being uniformly heated is a good sign. 
Some hot and some cool coils point to defects. If a 
test is made the fault will probably be found in the 
cool coils. The best guide to the condition of the coils 
is the ohmic resistance of the windings. For this rea- 
son the resistance of each coil when new should be 
found and recorded for future reference. The coil 
should be tested say every six months and the resistance 
compared with the resistance when new. 

Air gaps between the field poles and the armature 
should be checked every three months; this can be con- 
veniently done by a pair of long feelers pushed into 
the air gap. When the air gaps between the different 
poles and the armature differ by more than 125 per 
cent the bearings should be rebushed. Attention should 
always be paid to these air gaps as unequal air gaps 
are the cause of a lot of running trouble. 

Brentford, England W. E. Warner. 


MULTIPLE REFRIGERATING systems are usually meant 
to include all systems in which the refrigerant from a 
common source is delivered to two or more separate 
cabinets, each containing one or more evaporators. 
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Cupped Nut Prevents Leakage at 
Boiler Stays 


WE HAVE BEEN troubled with leakage around the 
bolts which connect the front and rear heads in the 
bottom of our 150-hp. h.r.t. boiler. Boilermakers have 
repaired these bolts several times but still they con- 
tinue to leak. The method of repair used was to tem- 
per sheet of 14-in. sheet copper and use, under the nut 
of the bolt, a washer which has been cut from this 
metal, asbestos wicking soaked in white lead being 
wrapped around the bolt under the washer before the 
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ASBESTOS PACKED 
IN WHITE LEAD 


LEAKAGE AROUND THROUGH STAY-BOLTS PREVENTED 
BY TURNING DOWN AND FACING THE NUTS 


nut is tightened. But this does not stand up. What 
can be done to prevent further leakage at this place? 

2. Do you think the stretch is out of the bolt? 

3. What:would you consider a good rating on a 
150-hp. hand-fired boiler of this type under natural 
draft from a stack 75 ft. high and 36 in. dia.? The 
grate surface is 6 by 6 ft. and No. 1 Run Inland Creek 
Splint coal is used. Feedwater is at 210 deg. F. 

4. Can this boiler be made to develop a rating of 
250 per cent by equipping it with an automatic stoker? 

A. Leakage around ‘‘end-to-end”’ or ‘‘through stay- 
bolts’’ of the kind mentioned may best be prevented by 
cupping out the inner nut and facing off the under 
side of the outer nut in a lathe, then packing asbestos 
wicking, which has been soaked in white lead, around 
the bolt on the inner side of the boiler head so that 
when the nuts are tightened the cupped portion of the 
nut will form a stuffing box. After facing off the outer 
nut and turning down the inner portion of this nut as 
shown in the sketch, a 14-in. thick copper washer should 
be placed under the nut. In assembling, the inner nut 
should first be drawn up until the bolt is in slight 
tension, then the outer nut should be pulled up tight. 

If the inner fastening of the through stay-bolt can- 
not be so disconnected that the bolt may be moved 
enough to remove the inner nut, the next best method is 
to eup the outer nut and place the white lead soaked 
asbestos wicking under the outer nut in the manner 
described for the inner nut. 
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2. Stay bolts should not be tightened and stretched 
so much as to cause a permanent set. Pulling the two 
heads together will not decrease the tendency to leak. 
The joint should be made between the two nuts and the 
head at the leakage point. 

3. Amount of draft is dependent, not only upon the 
height of the stack but also upon the directness of flow 
of the flue gas. If the breeching is complicated with 
several turns, the draft will be eut down proportionally. 
With the draft conditions given, you will be able to 
operate at only small, if any increase over rating. 

4. With the addition of an automatic stoker, also 
the necessary forced or induced draft you may be able 
to operate at about 200 per cent rating, but not with 
natural draft. 


Short and Long Stroke Engines 

Wnuart Ake the relative advantages and disadvantages 
of short and long stroke engines? M. S. C. 

A. Advantages of short stroke engines are: Possi- 
bility of higher rotative speed, less cylinder condensa- 
tion, less weight per horsepower capacity due to higher 
speed and less space requirement due.to same cause, and 
better speed regulation. 

Disadvantages are: Possibility of shorter life due 
to greater wear and possible vibration and shorter steam 
expansion. 

Advantages of long stroke engines are: Possible 
longer life and greater expansion, hence greater amount 
of energy obtained from the steam. 

Disadvantages are greater cylinder condensation and 
lower speed, which results in greater weight and space 
requirements. 


Steam Engine Efficiency Calculated 
from Coal Consumption 


Wuat Is the efficiency of an engine using 30 lb. of 
steam per hp-hr.? The boiler has an efficiency of 70 
per cent and burns 314 lb. of 14,000 B.t.u. coal per 
hp-hr. J. O, Tx 

A. The thermal efficiency of a steam engine is the 
ratio of its energy output to its energy input, both 
measured in the same unit. 

Energy input, for the ease you give, is 14,000 « 3.5 
xX 0.70 = 34,300 B.t.u. per horsepower-hour delivered 
by the engine. The number of B.t.u. in one horsepower 
which would be the energy output, is 2546; therefore, 
the thermal efficiency of the engine is 2546 ~ 34,300 — 
0.074 or 7.4 per cent. In this method of caleulation, it is 
assumed that all of the steam from the boiler is used by 
the engine. The pounds of steam per horsepower-hour 
was not used as it would be necessary then to know the 
steam pressure and superheat. 








Hard Problems 


Confidence in his own abilities, courage, determina- 
tion and fixed purpose,—these are fundamental char- 
acteristics of the really ‘‘hard character.’’ They are 
also essentials to successful careers of the world’s great 
men. Students of human nature mostly agree that 
the hard character could achieve success in a worth 
while direction if his abilities were properly applied. 
It’s the control of those abilities, the ideals and purposes 
with which they are combined, that determines results. 

Likewise with natural forces and materials, it’s the 
control and combination that works for beneficial or 
harmful results. Lightning as against electric trans- 
mission, Mississippi floods as against Keokuk water 
power, Mount Etna versus the blast furnace,—why pile 
up examples? 

One characteristic of the hard character is fast work- 
ing. He gets things done, a good plan for anybody. 

One of the hardest characters in the materials field 
is tungsten carbide. It cuts everything but the diamond. 
It ean work fast. Like human hard characters it has 
its weaknésses. In one combination it is so soft that 
it is drawn into fine wire for our lamp filaments. Even 
by itself, it is too weak and porous to stand severe 
pressure as in cutting metals. 

Here came research to discover what admixture was 
needed to overcome weakness. And a combination with 
cobalt was found as the answer. Now the hard char- 
acter became a useful citizen. And how he ean do 
things. Nickel steel is cut with the tool at a red heat 
and no faltering. 

But that wasn’t enough for those insatiable welfare 
workers, the eternally curious research men. Is that 
the best? So for three years they worked in General 
Electric laboratories and ‘‘Carboloy”’’ resulted. 

What has been gained? Like persons or horses of 
high mettle, Carboloy must be fashioned slowly to 
one’s purpose. It is strong, half again as strong as 
modern: high-speed tool steels. It is hard, will cut an 
alundum grinding wheel, thread a glass or porcelain 
rod, machine manganese steel and hardened armor 
plate. It works fast, will cut nickel steel at a cutting 
speed of 200 ft. a minute, practically indefinitely while 
high-speed steel gives out in 16 see. By its use, work 
heretofore impossible can be easily done. 

Costly, yes. But only a small piece, brazed or 
welded to ordinary steel is needed for each tool and 
its life is unlimited, if— 

There always seems to be an if. 

Tungsten carbide alloys still break down on work 
involving very heavy pressures on the tools. 

So the research men will keep on, trying to conquer 

the if. 
: Hard characters, like great forces, are difficult to 
manage but when controlled they produce great results. 
Putty is easily worked. It serves to fill holes. 
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Special Training for Diesel Engine 


Operation 

Need for special instruction in the subject of Diesel 
engines has been impressed upon us from various angles 
from time to time. It has been said that while anyone 
can operate a Diesel engine only those who .are expert 
should do so. The fact that the Diesel operating en- 
gineer need not be licensed, since there is no boiler 
explosion hazard, is no longer tolerated as a reason for 
hiring poor grade men in modern Diesel plants. 

Many of the difficulties with Diesel engines have been 
caused by operators who, although successful steam 
engine operators, have had no preparation for the spe- 
cial conditions of Diesel operation. Elsewhere in this 
issue, Louis R. Ford, in discussing maintenance and 
repair of Diesel engines, indicates that extraordinary 
wear and breakage of Diesel engine parts and necessity 
of shut-downs are due in most cases to lack of sufficient 
knowledge of Diesel operation as well as to carelessness. 

Operative carelessness usually exists in common 
with inexpert knowledge of Diesel power. Thorough 
knowledge of this, as well as of any other subject, in- 
spires a man to use much care with machinery pertain- 
ing to that subject. 

Different methods of supplying Diesel instruction 
are now available in a few localities. With increasing 
use of this type of power, such instruction will doubtless 
be extended to embrace all of the larger industrial 
centers. Engine companies instruct operators of new 
installations but this instruction is not sufficient. The 
alert Diesel operator wants to keep up his knowledge of 
the subject and engineers in other fields wish to acquire 
a working knowledge of Diesel plant operation in order 
to qualify later for such service. Increasing use of 
auxiliaries and of control apparatus is being made. 
Diesel plant instruction should include these features. 

Diesel instruction could profitably be included in 
the educational programs of operating engineers’ so- 
cieties but, in order to be of substantial worth, the topic 
should be taken up in serial form extending over a con- 
siderable length of time. Groups within such societies 
could meet for such special instruction. At such meet- 
ings timely and pertinent articles published in maga- 
zines or books could well be discussed. 

Instruction may well be obtained by attendance at 
a course such as is offered evenings by the Brooklyn 
Polytechnic Institute or other schools which combine 
study of the underlying principles of Diesel power with 
actual laboratory operation of various types of Diesel 
engines. Another characteristically good feature of this 
course is the combination of the educational method of 
the instructional staff of the college with practical in- 
struction by men professionally engaged in the Diesel 
field. 

With increasing application of Diesel power, courses 
such as that mentioned may well be established in 
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many large industrial centers where laboratories and 
engineering instructional staffs are available and thus 
open up new fields of endeavor for alert and ambitious 
operating engineers. 


Giants in the Earth 


This time we’re going to be critical about art. At. 


various times we’ve had a crack at the movies, several 
wallops at the poets and a good healthy swing or two 
at the modern novelists—all because of their complete 
and thorough misunderstanding of the power industry. 
This time we haul off for a hay-maker to the chin of the 
modern painter. 

We stood before an art store window not long ago 
gazing in awe and wonderment at a painting entitled 
‘‘Power Plant—Night.’’ Then came the yawn. If that 
was a power plant at night, we shall proceed to eat it 
from the flaring top of its 900-ft. stack right down to 
the funny looking dingus in the right hand corner that 
finally was deciphered as a locomotive crane. And the 
artist’s name, signed in the corner, was that of a man 
considered to be a leader in his profession! 

Let us point out right here that we recognize that 
the artist in painting a picture is usually trying to do 
more than represent a given face or landscape or group 
of objects as his eye sees them. He is usually trying 
to produce in the mind of the observer a certain definite 
emotional effect. Whether he renders the scene with 
photographie exactness or not, if he fails to produce 
that emotional effect, the result to the individual ob- 
server is nothing. The same thing, of course, is true 
of music, literature, sculpture, poetry. 

Now on both counts the picture ‘‘Power Plant— 
Night’’ seems to us a terrible daub. If the artist is 
merely trying to show his non-technical public what a 
power plant actually looks like, he is wasting his time. 
Power Plant Engineering is filled with photographs of 
power plants, exterior and interior, that really show 
what they look like. On the other hand, if the artist 
is trying to show in a painting what a power plant 
really means—the immensity and mystery of the forces 
under control, the impression of energy and virility it 
conveys—he must do more than simply paint a building 
with a chimney and a cloud of steam coming from some- 
where. He must study it for a long time if he would 
understand it. And he’ must study a modern plant, 
too, for nowadays the architect and engineer have 
learned to make the exterior of a power plant express 
the very spirit of power. 

No, we must confess that that painting meant noth- 
ing to us. If that is all that an artist can do with one 
of the fundamentals of American civilization ..:..... ! 

We have already served notice on the modern 
novelists that if some of them don’t turn to and write 
a novel that interprets the one outstanding character- 
istic of modern America—its power—we’ll have to do 
it ourselves. Bloch in his ‘‘America’’ rhapsody has 
come close to it, so we won’t threaten the laurels of 
the musicians. But we now serve notice that if the 
painters don’t wake up to their opportunity, we’ll have 
our art editor get out his water colors and show ’em 
not only what a power plant looks like, but what it 
means. 

Unless the artists of America—musicians, writers, 
painters, seulptors—can learn to express in their various 


POWER PLANT 
ENGINEERING 





1087 





media the meaning of this industry that forms the foun- 
dation of our civilization, they will fail in one of the 
principal functions of the artist—the interpretation of 
his own times. There are giants in the earth in these 
days. It takes other giants to control them and still 
others to interpret their significance. 


User Should Specify Terms of Rating 

In conversation with an engineer recently the re- 
mark was made that if a manufacturer submitted a bid 
to furnish boiler feed pumps and gave the ratings in 
gallons per minute against head in feet he would throw 
the bid out. This seems like rather harsh measures but, 
with boilers rated in pounds of water evaporated per 
hour and pressure in pounds per square inch, why 
should not the pumps which serve them be rated in the 
same units? Such a rating would certainly make the 
selection of the proper size boiler feed pump much sim- 
pler than it ordinarily is today. ; 

Manufacturers of electrical equipment have recog- 
nized the value of rating their products in terms most 
convenient for the purchaser even though in some cases 
they may seem illogical. In order that engines might con- 
veniently be replaced by motors it became customary to 
rate motors in terms of horsepower. For years electric 
light bulbs were rated in candlepower until the public 
became accustomed to kilowatts which has rendered the 
former rating obsolete and useless. Then, to go the 
limit, manufacturers rate steam turbines in horsepower, 
in order to conform with boiler ratings now becoming 
obsolete, while at the other end of the unit the electric 
generator is rated in kilowatts to please the people who 
have become electrically minded. 

Nomenclature is, of course, continuously changing 
as new equipment and new methods come into use. The 
term boiler-horsepower, for example, is seldom referred 
to in connection with high capacity boilers. So it be- 
hooves the manufacturer to learn the language his cus- 
tomers wish to speak. Conversion from one system of 
rating to another is at most only a simple mathematical 
problem with which the engineers of every manufactur- 
ing company are familiar and in a few hours time the 
ratings of the complete line of pumps, for example, of 
any manufacturer could be tabulated in any units de- 
sired. The customer, of course, can make these con- 
versions for himself but the time saved him by a 
thoughtful salesman may change the direction in which 
the contract goes. In justice to the manufacturers, 
however, the purchaser should specify the terms in 
which he wishes bids submitted. 





LOSSES DUE to incomplete combustion differ radically 
in stoker fired and pulverized coal fired boilers. With 
stokers, low excess air causes high losses from unburned 
combustible gases, while, with pulverized coal, the same 
condition causes a high loss in unburned fixed carbon 
or pieces of coke. 

This is because, with stokers, the coal particles re- 
main on the grate until gasified and unless mixed prop- 
erly with air may pass entirely out of the boiler before 
sufficient oxygen is obtained to burn them. With 
pulverized coal particles, the volatile gases are distilled 
off and burned immediately but often sufficient time 
does not elapse to burn the entire particles and it is 
earried out of the furnace. 
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ELECTED AS NATIONAL VICE-PRESIDENT AND CLEVELAND SELECTED AS NEXT CONVENTION CITY 


ELCOMED to Chattanooga with true southern 
hospitality and enthusiastically supported by the 
entire south, the 47th Annual Convention of the Na- 





former membership by Ohio No. 77 of Portsmouth. 
Pennsylvania, Ohio, Tennessee and California reported 
the largest gains. a 





























DELEGATES AND FRIENDS IN ATTENDANCE AT N. A. P. E. MEETING 


tional Association of Power Engineers was proclaimed 
a huge success both in a business and social way. 

Following registration on Monday, many of the dele- 
gates and visitors took advantage of the excellent sight- 
seeing facilities provided to visit some of the many 
scenes of historical interest in and around the city. 

On Tuesday morning delegates to the convention 
were welcomed to the state and to the city by Albert S. 
Caldwell, State Insurance Commissioner, by E. B. Bass, 
Mayor of Chattanooga and A. B. Adams, president of 
the Manufacturers’ Association, representing some 425 
manufacturing plants. E. H. Schimpf of Tennessee 
presided during the address of welcome and later pre- 
sented a new gavel to President T. R. Herlihy of Cali- 
fornia, who opened the first business session. 

Much of the discussion centered around the work of 
the newly formed National Promotion Committee and 
the possibilities of increasing the membership of the 
organizations. For the first time in five years, a sub- 
- stantial gain in membership, about 1000, was reported. 
A total of 74 associations reported gains ranging from 
one member up to an increase of 273 per cent of the 





The work of this committee, headed by T. G. Thurs- 
ton of Illinois, although in existence only since the last 
convention, has made substantial progress and has 
mapped out a complete program of expansion by which 
it is hoped to bring the membership of the association 
up to 50,000 by the Golden Jubilee in 1933. In addi- 
tion to increasing membership directly the committee 
will carry on a publicity campaign among plant owners 
who benefit by the educational work being carried on 
by the association among their engineers. 

In his report, President Herlihy stressed the im- 
portance of increased membership and codperation of 
the officers and departments. He recommended con- 
solidation of departments into a single office unit, weekly 
instead of monthly meetings of the associations, and 
the addition of a national initiation fee of $1.00 in order 
to increase the income of the National Association. 
State power shows are considered by him to detract 
greatly from the National show because of the financial 
drain on the manufacturers and he recommended that 
they be discontinued. 

Both President Herlihy and Vice-President Mc- 
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Devitt recommended changes in the preamble so as to 
eliminate references to strikes which it is felt no longer 
conform to present day opinions nor expresses the 
modern codperative spirit of employer and employee. 

As in other conventions, the Merit System and Edu- 
cational Programs were the subjects of spirited debate. 
For the past three years, this program has been carried 
on by a $10,000 annual appropriation and is apparently 
no closer to a self-supporting condition today than it 
was at its inception. Salaries and rent constitute a 
burden of about $7500 which is overhead for the ad- 
ministration of the remaining $2500, according to the 
views of some of the delegates. 

In spite of the recommendation of the Board of 
Trustees that this be cut to $5000 on the new budget, 
$10,000 was voted by the delegates with the distinct 
understanding that during the coming year some pro- 
vision must be made for reducing this cost and putting 
the entire program on a more nearly self-supporting 
basis. 

At the final business session Friday morning, Vice- 
President James A. MeDevitt of Pennsylvania was 
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Sixth Generating Unit for Hudson Ave. 
to Be 110,000-kw. Machine 


New York Epison Co., New York, has authorized 
enlargements in the generating plant of the Brooklyn 
Edison Co., an affiliated organization, on Hudson Ave- 
nue, to increase the capacity from 340,000 to 450,000 kw. 
A contract has been let to the Westinghouse Electrie & 
Mfg. Co., East Pittsburgh, Pa., for a new turbine- 
generator unit of 110,000-kw. rating, making the sixth 
generator at the station. An award has also been given 
to the Babeock & Wilcox Co., New York, for four water- 
tube boilers to furnish steam for the new generating 
unit, equipped with automatic stokers. Orders for aux- 
iliary equipment will be placed at an early date. The 
entire expansion program is estimated to cost about 
$7,000,000 and the work is scheduled for completion in 
the fall of the coming year. The Hudson Avenue plant 
is designed for the installation of two more generating 
units, which will be installed whenever the demand re- 
quires, and the complete plant will have a rating of 
more than 1,000,000 hp. The present installation will 




















DELEGATES AND FRIENDS IN ATTENDANCE AT N. A. P. E. MEETING 


unanimously elected president. In a closely contested 
election for vice-president Charles A. Dobson of Ten- 
nessee won over Tom Clark of Massachusetts, while 
Fred A. Raven of Illinois, secretary, Samuel B. Force 
of Pennsylvania, treasurer, George T. Smith of Tennes- 
see, conductor, Arthur Ford of Massachusetts, door- 
keeper and Harry Crego of Minnesota, trustee, were 
elected unanimously. 

In accordance with the constitution, the Board of 
Trustees in codperation with the National Exhibitors 
Association, selected three cities from the six proposed 
for next year’s convention and submitted them to the 
convention for balloting. Cleveland, Minneapolis and 
Buffalo were recommended in the order named. On 
the first ballot Cleveland was selected by 225 votes out 
of a total of 292. 

The power show With almost 125 exhibitors was at- 
tractively arranged and although not as large as some 
in the past was made up of excellent exhibits. For 
officers, the N. E. A. elected I. S. Pieters, president ; 
W. H. Gaylord, vice-president and Fred G. Jolley, 
treasurer, for the ensuing year. 


increase the capacity of the New York Edison Co. and 
associated metropolitan companies to more than 2,650,- 
000 hp. 


FEDERAL Power Commission, Washington, D. C., has 
granted preliminary licenses for three hydroelectric de- 
velopments in the State of Washington. The Washington 
Electrie Co., Seattle, an interest of the Puget Sound 
Power & Light Co., has been granted authority for a 
plant on the Columbia River, to have a capacity of 
192,000 hp. The Inland Light & Power Co., Portland, 
Ore., has secured authority for a proposed hydroelectric 
plant of 170,000 hp. capacity on the Lewis River in 
Washington. A third development for which permis- 
sion has been granted covers the project of the Wash- 
ington Water Power Co., Spokane, Wash., affiliated with 
the Inland Light & Power Co., both being subsidiaries 
of the Electric Bond & Share Co., New York. This 
provides for a hydroelectric plant of 200,000 hp. eapacity 
at Kettle Falls on the Columbia River. The licenses 
are for a period of 24 mo., requiring that work be started 
within that time. 
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Dust-Tight Enclosures for 


Cutler-Hammer Starters 


EVELOPMENT of dust-tight enclosing cases for 
their across-the-line automatic starters, is an- 
nounced by Cutler-Hammer, Inc., 191 12th St., Milwau- 
kee, Wis. These are built in two types. For motors up 
to 5 hp., the cases are of cast-iron and for larger sizes 
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ENCLOSED AUTOMATIC MOTOR STARTER 


they are of heavy welded boiler plate. They are pro- 
vided with soft Para rubber gaskets between the covers 
and cases. Eye bolts, with wing nuts at the sides, hold 
the covers tight. . 

in addition to being dust-tight, the small cast-iron 
enclosure is also designed to be weatherproof. It has 
the start, stop and reset buttons mounted directly in the 
cover. The larger sizes have the reset button only in 
the cover and a separate dust-tight pushbutton station 
provides remote control. 

The new dust-tight equipment will not replace 
Cutler-Hammer’s standard dust-proof enclosures but is 
to be offered as an option for installation in mines, 
woodworking plants, cement mills, flour mills, pulveriz- 
ing plants and other industries where the large amount 
of dust in the air might interfere with the efficient 
operation of the starter. 


Continuous Action Steam 
Trap 


N NORMAL operation, the float of this trap is con- 


tinuously rising and falling, thus closing and open-_ 


ing the valve and trying the line for condensate. 

Steam, water and air enter the inlet at the left, 
pass through the valve orifice, thence through the hollow 
spindle into the float. 

There steam pressure forces the water up through 
the discharge tube into the trap body until the buoyancy 
raises the float and closes the inlet valve, which happens 
before the water seal at the bottom of the discharge 
tube is broken. Steam, therefore, cannot escape to the 

body of the trap. 
; At the top of the discharge tube is a vent hole 
through which air escapes to the trap body, although, 
if a large volume of air enters, the trap may operate 


attached the turbine proper. 
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as under steam. This does not prevent elimination of 
air from the system, as venting will continue until all 
air has passed into the trap body or casing. 

At the bottom of the float is a small hole through 
which water can enter from the trap body when steam 
pressure falls, thus letting the float fall and opening 
the valve. So long as steam only is entering the float, 
the ‘‘breathing’’ action continues, water being expelled 
from the discharge tube and entering through the bot- 
tom hole. If only condensate is entering, the float stays 
at bottom position with the inlet valve wide open until 
steam enters to empty the float. 

Water level in the trap body is maintained even with 














K & M SAFETY STEAM TRAP 


the outlet at the right, condensate.and air flowing out 
as they accumulate. 

This K. & M. safety trap is the product of K. & M. 
Steam Engineering Co. of West Orange, N. J. 


Deep Well Turbines in 6-in. 


and 8-in. Sizes 
ESIGNED TO FIT small bored wells, two new deep 


well turbines in 6-in. and 8-in. sizes have recently 


been placed on the market. The turbine consists of the 
turbine head proper, which is the driving unit, the 
supporting pipe enclosing the driving shaft and the tur- 
bine itself, which consists of the number of stages 
necessary to meet the specific requirements of each case. 

The turbine head consists of the vertical motor 
mounted on a rigid compact base. The thrust bearing 
of the motor is designed to carry the load of the line 
shaft and impellers. To the turbine head is attached 
the supporting pipe and to the lower end of this is 
The latter is a special 
style of the turbine type of centrifugal. 

On this unit, all bearings are oil lubricated by grav- 
ity feed from the surface, this gravity feed being 
electrically controlled. Provision is made for complete 
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TURBINE HEAD OF NEW DEEP WELL UNIT, SHOWING 
VERTICAL DRIVING MOTOR AND LUBRICATING EQUIP- 
MENT 


drainage of all waste oil and water leakage and the dis- 
charge pipe. is located above the floor level to permit 
easy access. The accompanying illustration shows the 
turbine head, driving motor and lubricating arrange- 
ments. These new units are products of the American 
Well Works, Aurora, III. 


Improved Method of Installing 
CO. Meters 


ROWN INSTRUMENT CO. of Philadelphia, Pa., 
has worked out a method of installing its CO, 
apparatus, working on the thermal conductivity prin- 
ciple, in which the relative capacity of air to conduct 
heat, as compared with the gas to be analyzed, is used 
to operate electrical indicating and recording instru- 
ments calibrated directly in per cent of CO,. 
The diagram shows this latest method of installing 
the apparatus to eliminate trouble due to clogging, and 
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METHOD OF INSTALLING CO2 METER THAT OPERATES 
ON THERMAL CONDUCTIVITY PRINCIPLE 
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gas leaks. A primary filter, consisting of perforated 
metal supporting asbestos cloth, projects into the flue 
or furnace. The pipe supporting this primary filter 
slopes downwards from the filter to drain off moisture. 

The sampling line runs directly down to the U-tube 
drain, which collects excess moisture and acid. The gas 
then passes through a condenser where it is cooled to 
prevent any accumulation of moisture in the analysis 
cell. A union connection is made at the sampling tube 
so that the primary filter can be blown out occasionally. 
A secondary filter consisting of a container with steel 
wool and cotton is placed in the line in front of the cell. 

Thermal conductivity cell contains four platinum 
filaments of comparatively heavy wire mounted in gold 
plated cells with gold lined passages. ‘Two of the cells 
contain air. The other two contain gas to be analyzed, 
the thermal conductivity of. which is to be compared 
to air. From the eell, 5-wire cable runs to indicating 
or recording instruments calibrated directly in per cent 
of CO,. 


Forged Steel 600—2000-Lhb. 


Union 


OR CONTROLLING the high pressures and tem- 
peratures employed in many central stations and 
industrial plants at present, piping, valves and fittings 
must be designed to be capable of withstanding the most 
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FORGED STEEL 600-2000 LB. UNION WITH SECTION CUT 
AWAY TO SHOW INTERIOR CONSTRUCTION 












severe service conditions. For this purpose, the union 
shown herewith has recently been placed on the market 
by Walworth Co., 51 E. 42nd St., New York City. It is 
designed to be used on steam lines for pressures up to 
600 Ib. per sq. in. and on cold oil, water or gas pressure 
lines for pressures up to 2000 Ib. per sq. in 

As shown, the union consists essentially of three 
parts. These are forged from bars of high-grade forg- 
ing steel. The union is designed to provide a tight joint 
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by producing perfect contact by pressure of the forged 
steel thread end upon the forged steel bottom. The 
design includes a long thread connection between thread 
end and ring to insure permanent tightness. Long 
thread chambers are provided for pipe connections to 
give added resistance to vibrational shocks and strains. 
Within the pressure and temperature range for which 
it is designed, the manufacturer states that the union is 
especially suitable for superheated steam lines, oil crack- 
ing and other refinery lines, for high-pressure oil, water, 
gas and air lines, hot gas lines, high-pressure ammonia 
lines, chemical, paper and other process steam lines. It 
is supplied in sizes from 14 in. to 2 in. and in black and 
galvanized finish. 


News Notes 


AmeErRIcAN Rotting Mitt Co. has just ordered two more 
300-hp. oil-electric locomotives for use in its Ashland, Ky., plant. 
These units are to be duplicates of the four already in service, 
They are built jointly by the Ingersoll-Rand Co., General Electric 
Co. and the American Locomotive Co. 


_ PLANs For construction of a new 20,000-kw. steam power sta- 

tion for the southwestern division of Northern States Power Co., 
to be built at Granite Falls, Minnesota, have been announced by 
R. F. Pack, vice-president and general manager of the company. 
According to H. W. Fuller, vice-president in charge of engineer- 
ing and construction, Byllesby Engineering and Management 
Corp., specifications of the new station provide for the installa- 
tion of two 10,000-kw. turbine generators. Construction also 
has been authorized for a transmission line to extend from the 
proposed Granite Falls station to the company’s Sioux Falls 
station. 


PLANS For A new 30,000-kw. power station for the Oklahoma 
Gas & Electric Co., to be located at Belle Isle Lake in Oklahoma 
City, have been announced by J. F. Owens, vice-president and 
general manager of the company. The site at Belle Isle Lake 
was chosen because sufficient water for cooling purposes is avail- 
able and the plant will be located on the north shore of the lake 
immediately west of an 11,000-kw. plant owned by the company. 
Construction will be started immediately and completion is 
scheduled for September 15, 1930. Equipment will consist of one 
30,000-kw. turbine generator and, in connection with the plant 
proper, a large substation will be built from which 66,000-v. lines 
will run west to El Reno and north to Enid. 


FROM THE EXECUTIVE Offices of the Link-Belt Co. comes the 
announcement of the resignation of F. B. Caldwell, vice-president 
of the Chicago plant, on account of health. W. C. Carter, for- 
merly vice-president in general charge of production at all Link- 
Belt plants, will assume the duties of vice-president and general 
manager of the Chicago plant. E. J. Burnell, formerly manager 
of the Pittsburgh office, has been appointed sales manager of the 
Western Division, with headquarters at the Chicago plant. Nels 

_ Davis, from the Chicago engineering sales force succeeding Mr. 
Burnell as manager of Link-Belt’s Pittsburgh office. 


Houston Orrice of the Chain Belt Co., Milwaukee, Wisc., has 
moved to larger quarters at 1310 Second National Bank Building. 
It was formerly located at 1000 Marine Bank Building. Russell 
G. Davis is manager. 


Ritey Stoker Corp., Worcester, Mass., announces that L. E. 
Griffith has been elected to the Board of Directors and a vice- 
president of the corporation. Mr. Griffith was graduated from 
Lafayette College at Easton, Pa., in the class of 1912. Since that 
time he has had extensive sales-engineering experience through 
his successive connections with Thompson-Starret Co. at New 
York and Chicago, the Babcock & Wilcox Co. the United 
Machine & Manufacturing Co., and the Riley Stoker Corp. At 
the time the Riley Stoker Corp. purchased the United Machine 
& Manufacturing Co., Mr. Griffith was president of the latter 
company. Since that time, he has been district manager of the 
New York office of the Riley Stoker Corp. and in 1928 was 
appointed sales manager. 


Excavation has been completed and work started upon the steel 
structure of the $750,000 addition to the People’s Gas and Electric 
Co. electric plant in Mason City, Iowa. The addition will enlarge 
the turbine room, providing a section 29 by 52 ft. in which a 
10,000-kw. turbine, practically doubling capacity of the plant, will 
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be installed. Three smaller turbine of 6000, 2500 and 2000 kw. 
capacities are now operated. The new unit is expected to be in 
operation late in the year. Frank J. Hanlon, president and gen- 
eral manager, said that the expansion was made necessary not only 
by the growing demands in Mason City but in the adjacent com- 
munities which it supplies. ° 


APPOINTMENTS of the new Illinois commerce commission, the 
public utilities control body, were announced by Gov. Louis 
Emmerson. Charles W. Hadley, Wheaton, Ill., attorney, for 14 
yr. state’s attorney in Kane County, is chairman of the commis- 
sion. Other members of the body are: G. Gail Gilbert, Mt. 
Vernon, formerly head of the securities department of the secre- 
tary of state’s office; Walter 1H. Wilson, vice-president of the 
Central Trust Co., Chicago; William H. Brinkman, Chicago, 
real estate man; J. Paul Kuhn, Batavia, attorney; and Phil H. 
Collins, Chicago, insurance broker. Mr. Kuhn is the only member 
vee «aaa to be reappointed. One other member is yet to be 
selected. 


LEGISLATION to empower Iowa municipalities to secure thor- 
ough financial statements upon which to base electric rates and 
criticism of the state’s lack of a utilities governing commission 
were voiced by speakers at the 32nd annual convention of the 
Iowa League of Municipalities in Ft. Dodge, Ia. Frank Pierce, 
Marshalltown, presenting his annual report as secretary of the 
group gave lengthy consideration to the utilities situation. “Munic- 
ipalities have the power to fix rates,” he stated, “but do not have 
any power to secure, except at prohibitive cost, the necessary 
information on which to fix them. If we could secure a law 
providing that when a city desires to establish schedules it would 
have the right to apply to the courts to give information necessary, 
with the right to question witnesses, the necessary information 
could be obtained.” W. 'G. Ray, mayor of Grinnell and president 
of the league, urged that “cities should have experienced auditing 
boards to study rates in order to protect the public against 
exorbitant rates for service, men who can meet with actuaries 
and auditing boards of utilities and discuss the question fairly.” 
Recommendation that the legislature adopt a law requiring utilities 
to make annual, detailed and comprehensive reports of their 
assets, liabilities and profits to the cities in which they operate 
was advocated by J. Van Der Zee, Iowa City council member. 


Linx-Bett Co. of Chicago has just completed negotiations 
with several organizations throughout the country to act as sales 
agents for its products. Charles L. Miller of Denver and Salt 
Lake City will handle Utah, Colorado and the Intermountain 
Territory. James Van Buskirk, 911 Martin Bldg., Birmingham, 
will cover Alabama. The Clyde Co., 309 Magazine St., New 
Orleans, is taking care of the state of Louisiana and the south 
half of Mississippi with the exception of a few counties in the 
southeast corner. In a radius around Memphis, Tenn., the Hol- 
loran Tractor Co. at 188 Butler Ave. will be agents. The terri- 
tory of Greater New York, including Westchester, Nassau and 
Suffolk Counties, will be served by the United Hoisting Co., 
136th and Locust Sts, New York. Ensminger & Co., 181 South 
Washington St., Wilkes-Barre, Pennsylvania, will cover sur- 
rounding territory. 


Books and Catalogs 


MECHANICS FoR ENGINEERS by Leroy W. Clark; 192 pages, 
181 illustrations; cloth, 6 by 9 in.; published by The Williams & 
Wilkins Co., Baltimore, Md., price $3.50. 

Although the author, who is professor of mechanics at Rens- 
selaer Polytechnic Institute, has prepared this book as a text for 
the use of his own classes, it should prove most useful to any 
engineer who needs to brush up his knowledge of mechanics. 
The book is well-arranged and well-iliustrated and the discussion 
is brief and to the point. Each chapter is followed by a number 
of typical examples to be solved according to the principles found 
in the text. A knowledge of general physics and calculus is 
assumed, since the book is intended for use as a textbook and 
not a handbook. Both graphic and algebraic methods are freely 
used. Following the introduction, the various chapters discuss: 
forces and couples; stress and strain; center of gravity; moment 
of inertia; rectilinear and curvilinear motion; work, power and 
energy; friction; simple mechanical devices; impact; mechanics 
of fluids and principle of virtual velocities. Special attention has 
been given to the subject of center of gravity and moment of 
inertia, since these form the basis of so many engineering prob- 
lems. Every effort has been made to discuss the subject in as 
brief and logical a way as possible and for this reason engineers 
should find the book of value for reference. 


INVESTIGATION oF HEATING Rooms with Direct Steam Radia- 
tors Equipped with Enclosures and Shields is reported in Bulletin 
No. 192 of the Engineering Experiment Station, University of 
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Illinois, Urbana, Ill. This bulletin is a report of the results of 
the work accomplished since the publication of Bulletin No. 169 
in 1927 under the terms of a codperative agreement between The 
National Boiler and Radiator Manufacturers’ Association, the 
Illinois Master Plumbers’ Association and the University of IlIli- 
nois providing for an investigation of steam and hot-water heating 
systems. To provide for all the factors affecting the performance 
of bare, enclosed and shielded radiators, actual room with typical 
outside walls, windows and doors, and located in a specially con- 
structed low temperature testing plant for maintaining constant 
outside temperatures of zero or less, were employed. In such a 
plant, it was possible to place the radiator in the actual environ- 
ment existing in practice and to investigate not only the heat 
emission of the radiator itself but also the heating effect pro- 
duced in the room. Intelligent design and selection of radiators 
and enclosures, says the bulletin, depends fully as much on the 
effect produced in the room as on the conventional heat emission 
factor which is generally taken as the criterion of excellence in 
the past. Results of the investigation are tabulated, some con- 
clusions drawn and the methods of testing are well illustrated. 


Oxy-ACETYLENE WELDER’s Hanpsoox, by M. S. Hendricks. 
Published by the Acetylene Journal Publishing Co., 608 S. Dear- 
born St., Chicago, Ill.; 208 pages, 414 by 6% in., 102 illustrations, 
flexible binding; price, $3. 

This is a working manual of instruction for oxy-acetylene welders 
which covers the fundamentals of oxy-acetylene welding in a clear 
and helpful manner. The important operating factors involved in 
welding are discussed principally from the standpoint of welding on 
steel, apparently because steel is the metal which is most commonly 
welded; however, the book is not lacking in complete information 
regarding the correct technique for welding other ordinary metals, 
such as cast iron, aluminum, copper, brass, bronze, nickel, monel 
metal and alloy steels. Much of the technique involved in welding 
these other metals has been developed during the past four or five 
years and is a considerable improvement over some methods which 
were considered standard in the early days of oxy-acetylene weld- 
ing. There are also a number of special fields for welding, such as 
pipe welding, tank welding, aircraft welding, for which much in- 
formation of value is included in this handbook. A particularly 
interesting feature is the method of treatment of such subjects as 
the training of operators and the inspecting and testing of welds. 
The subject of the design of welds is discussed in detail and well 
illustrated. The conclusion of the chapter on testing welds is a 
discussion of all of the important factors involved in a complete 
welding operation, included as a guide to the welder or supervisor 
in setting up a standard of good practice or in checking up a 
welding operation to make sure that no detail of good procedure 
or: organization of the work has been neglected. The table of con- 
tents includes: The Welding Gases; Welding Equipment; Setting 
Up Equipment; Methods of Welding; Preparation for Welding; 
Inspecting the Weld; Training Operators; Welding Properties 
of Common Metals; Testing; Important Applications. ; 


SPILLWAY GaTEs oN or Adjacent to Dams is the subject of a 
recent serial report, publication No. 289-84 of the Hydraulic 
Power Committee, Engineering National Section, National Elec- 
tric Light Association, 420 Lexington Ave., New York City. For 
this report, an abundance of material was available and the 
problem was that of selecting data that would include typical 
examples of the several types of gates and at the same time 
reflect the best engineering practice in the different parts of the 
United States and Canada. The report is confined to the design, 
construction and operation of spillway gates in actual use by 
operating companies. An endeavor has been made to select 
typical installations. There is an increased tendency, according to 
the report, to install permanent and substantial crest gates on 
dams rather than renewable flashboards. Clear-crest dams have 
become the exception rather than the rule. There still remains 
considerable room for improvement in the design of deep-crest 
gates and their operating mechanism to insure simple and reliable 
operation and low maintenance, as well as low first cost. Recent 
floods in several sections of the country, particularly in Cali- 
fornia, with intensities of runoff in many cases more than twice as 
great as any previously recorded, have shown the necessity for 
more liberal design and substantial construction of crest gates. 


THERMAL ConpucTivities or ALLoys by Alpheus W. Smith, 
professor of physics, has just been issued as Bulletin No. 31 by 
The Engineering Experiment Station of The Ohio State Uni- 
versity, Columbus, Ohio. Investigation was made of the thermal 
conductivities of many alloys, such as thallium-lead, thallium-tin, 
lead-tin, cadmium-bismuth, aluminum-tin, and so on. Results are 
analyzed mathematically, also in the form of curves and tables. 


REEVES VARIABLE SPEED TRANSMISSION equipment is described 
and illustrated in detail in a 64-page book, Catalog No. 88, issued 
by Reeves Pulley Co., Columbus, Indiana, through Reeves-Bond 
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Sales Co., 39 So. Clinton St., Chicago, Ill. The first part of this 
bulletin describes and illustrates the Reeves transmission, giving 
details of all the parts and discussion of operation. Part 2 of 
the catalog discusses composite designs, remote controls and 
accessory parts, Part 3 automatic control and Parts 4 and 5 the 
various classes of industrial machinery to which it has been ap- 
plied. Part 6 gives engineering information, consisting of tables 
of speeds, capacities and dimension diagrams of the various types 
of transmission units, with instructions for figuring the size and 
speed of pulleys and other factors in an installation. 


WESTINGHOUSE GEARED TURBINE-GENERATOR Units is the 
subject of a recent release of the Westinghouse Electric and Man- 
ufacturing Company. The pamphlet, No. 20,378, includes material 
on the general features and construction of the new 25 to 50-kw. 
d.c. geared turbine-generator sets. Photos and drawings show 
assembly, parts, and special devices of the new units. The avail- 
able ratings with dimensions are also included. 


In A RECENT 12-page illustrated bulletin, No. 14-P-21, Copper- 
quad floor grating made of copper bearing steel to resist corrosion 
and with a rigid mechanical tongue and groove joint, is described 
by Walter Bates Steel Corp., Gary, Ind. 


Dust RECovERING & CoNnvEYING Co., Cleveland, Ohio, has issued 
bulletin No. 56 entitled “Fly-Ash Nuisance in Textile Plant 
Cured by Filters” and bulletin No. 516 dealing with a chemical 
handling problem in a water filtration plant at Washington, D. C. 


In its CATALOG No. 12, the Hahn Engineering Co., Lancaster, 
Pa., describes and illustrates sectional cast-iron storage tanks of 
octagonal design with bottom discharge. These tanks are suitable 
for the storage of ash, coal, coke, sand, gravel and other materials 
of corrosive and abrasive nature. 


Genera Exectric Co., Schenectady, N. Y., has issued a num- 
ber of circulars and bulletins, the following of which will be of 
interest to power plant engineers: a 

Bulletin GEA 1047, on Switchboard Devices, Current-limiting 
Resistors and Fusible Cutouts. oat 

GEA 1113, on Connectors and Fittings for Outdoor Switching 
Equipment. ; ; 

GEA 1029-A, on Group Operated Rotating-Insulator Discon- 
nected Switches for Outdoor Switching Equipment. _ ; 

GEA 1123, on Fusible Cutouts and Current-limiting Resistors 
for Outdoor Switching Equipment. 

GEA 720-A, on High-Speed Circuit Breakers. : 

GEA 897, on Small Air-Cooled Transformers and Auto-Trans- 
formers. 

GEA 1061-A, superseding GEA 1061, on Recording Instru- 


ments. ‘ 
N-GEA 938-A, superseding GEA 938, on Switchboard Devices 
and Accessories for Switchboards. 


ARMORCLAD SWITCHGEAR is the title of a 28-page bulletin just 
issued by Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 
This bulletin, No. 1145, describes the Allis-Chalmers Reyrolle 
switchgear. This ‘switchgear equipment embodies the fundamental 
principles of metal-clad oil circuit breaker design as founded by 
A. Reyrolle & Co., Ltd., of England. The bulletin contains de- 
scriptions of all types of Reyrolle switchgear made by the Allis- 
Chalmers Co. and is well illustrated with numerous line drawings 
and halftones. 


WestTINGHOoUSE Erecrric & MANUFACTURING Co., East Pitts- 
burgh, Pa., has issued the following leaflets and bulletins: 

Leaflet L-20377, on Gear Turbine Generator Units; 

Circular 1837, on Recent Developments in Automatic Network 
Protectors and Relays; 

Circular C-1753-A, “Registers of Revenues” ; ; 

Reprint 357, a History of the Development of the Single Phase 
System. 


ENGINEERING BULLETIN R-79, issued by the Standard Oil Co. 
of Indiana, is a 26-page bulletin, devoted entirely to a discussion 
of the various types of refrigerating systems in use and the proper 
methods of lubricating these systems. 

The bulletin is well illustrated and contains much that should 
be of interest to any engineer having to do with refrigerating 
machinery. 


CENTRIFUGAL Compressors and Blowers are described and illus- 
trated, also the progress made in the use of centrifugal machinery 
in many industrial fields, in a new catalog F issued by the De Laval 
Steam Turbine Co., Trenton, N. J. Included are single and mul- 
tistage machines as used for gas, steel works, and ore reduction 
for steam or motor drive, up to capacity of 60,000 cu. ft. of air 
per minute against 30 lb. pressure. Concise presentation is given 
of the mechanics and thermodynamics of compression of gases 
with curves showing the characteristic action of various types of 
blowers and compressors. 
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Ark., Pine Bluff—The Arkansas Power & Light Co., Pine 
Bluff, plans installation of a hydroelectric power plant at 
Remmel dam with initial capacity of about 8000 kw., reported 
to cost more than $100,000, with transmission lines. 

Ariz., Litchfield—The J. G. Boswell Co. plans installation 
of power equipment in connection with a proposed new cot- 
tonseed oil mill, entire project to cost about $100,000. 

Calif., Placentia—The City Council is negotiating with the 
Orange County Water Co., for the installation of new pump- 
ing equipment and auxiliaries for increased capacity of local 
system. 

Fla., Titusville—The Nevins Fruit Co., Cocoa, is said to be 
planning construction of ice and precooling plant near Titus- 
ville, to cost more than $35,000. 

Ga., Rockmart—The Simpson & Morgan Ice & Coal Co. 
has approved plans for the construction of an ice-manufac- 
turing plant on Maple Street, with initial capacity of 15 tons 
per day, reported to cost close to $70,000, with equipment. 
Unit will be electrically operated. 

Ill, Chicago—The Chicago Sausage Co., 2910 Armitage 
Avenue, plans installation of power equipment in proposed 
five-story packing plant at Peoria Street and Milwaukee 
Avenue, entire project to cost about $240,000. 

Ill, East Peoria—The Caterpiller Tractor Co., East Peoria, 
has had plans drawn for a one-story power plant for factory 
service and will soon begin superstructure. It will cost about 
$140,000, with equipment. 

Ill., River Forest—The Bowman Dairy Co. plans the con- 
struction of a power house in connection with proposed new 
dairy plant, entire project reported to cost more than $500,000. 

Iowa, Mason City—The Peoples Gas & Electric Co. has 
approved plans for the construction of an addition to local 
steam-operated electric power plant, including installation of 
10,000 kw. turbo-generator and accessories, reported to cost 
more than $500,000, with transmission lines. 

Md., Baltimore—The Aviation Corporation of America, 100 
East Forty-second Street, New York, N. Y., plans installation 
of power equipment at proposed aircraft manufacturing plant 
at Baltimore, entire project to cost more than $10,000,000; a 
power house is projected. 

Mass., Worcester—The M. J. Whittall Associates, Inc., 
have aproved plans for a one-story boiler plant, 80x110 ft., at 
their carpet mills, reported to cost more than $65,000, with 
equipment. Francis J. Sill, Westboro, Mass., is consulting 
engineer. 

Mich., Detroit—The Packard Motor Car Co. has filed plans 
for construction of addition to power plant, reported to cost 
more than $150,000, with equipment. The Sessions Engineer- 
ing Co., General Motors Building, Detroit, is engineer. 

Minn., Minneapolis—Brown & Bigelow, Inc., Quality Park, 
will install power equipment in proposed addition to engraving 
and printing plant, project to cost about $100,000. Toltz, 
King & Day, Inc., Builders Exchange Building, is architect 
aud engineer. 

Neb., Omaha—Nebraska Power Co. has approved plans 
for the construction of an addition to steam-operated electric 
power plant at Fourth and Leavenworth Streets to cost about 
$100,000, with equipment. 

J., Asbury Park—The L. P. Croce Bottling Works, 
Inc., 930 Summerville Avenue, plans installation of power 
equipment in proposed three-story addition to plant, entire 
project to cost about $70,000. C. B. Cook, Asbury Park Trust 
Building, is architect. 

N. J., Bound Brook—The Calco Chemical Co., 117 Liberty 
Street, New York, N. Y., has approved plans for a one-story 
addition to boiler plant at local chemical works, 40x50 ft., 
reported to cost about $24,000, with equipment. 

N. C., Charlotte—The Interstate Milling Co., West Tenth 
Street, plans installation of power equipment in proposed addi- 
tion to feed mill, entire project reported to cost about $80,000. 

Ohio, Akron—The Firestone Tire & Rubber .Co., Akron, 
plans installation of power equipment in proposed seven-story 
plant addition to cost about $600,000, for which a building 
permit has been issued. 

N. C. Kernersville—The Southern Silk Mills, Inc., Greens- 
boro, N. C., will install power equipment in proposed new 
mill at Kernersville, entire project to cost about $140,000. A 
boiler house is projected. 
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N. D., Langdon—The Otter Tail Power Co., Fergus Falls, 
Minn., will make extensions and improvements in power plant 
at Langdon, including installation of new boiler unit, pump- 
ing equipment and accessory apparatus. Company also plans 
to build transmission lines to Balfour, Wimbledon and vicinity. 


N. Y., Mount Vernon—The World Cleaners & Dyers, Inc., 
will install power equipment in new plant on South Third 
Avenue, for which work will be placed under way at once, 
entire project to cost about $200,000. It is understood that a 
boiler house will be built. Irving Feinchel, 114 East Thirty- 
second Street, New York, is architect. 


Ohio, Dayton—The Burkett Closed Body Co., Master 
Street, plans installation of power equipment in proposed addi- 
tion to bedy plant to cost about $200,000. 


Ohio, East Liverpool—The Hall China Co.,- East Liver- 
pool, plans installation of power equipment in proposed new 
plant on Harvey Avenue, where tract of land has just been 
acquired, entire project to cost more than $500,000. 


Okla., Tulsa—The Tulsa Cement Co., Mayo Building, C. 
B. Douglas, manager, plans installation of power equipment 
in connection with proposed cement mill to cost more than 
$1,000,000. A boiler plant is projected. 


Ore., Glendale—The Lystul-Lawson Lumber Co. plans in- 
stallation of power equipment in connection with rebuilding 
of lumber mill, recently destroyed by fire with loss reported 
at close to $100,000. 

Pa., State College—The Board of Trustees, Pennsylvania 
State College, State College, will soon take bids for the con- 
struction of a one-story power plant at the institution. Charles 
Z. Clauder, 1429 Walnut Street, Philadelphia, Pa., is architect; 
J. G. White Engineering Co., 43 Exchange Place, New York, 
is engineer. 

S. C., Hartsville—The Sonoco Products Co., plans installa- 
tion of power equipment in proposed three-story and base- 
ment addition to paper products plant, entire project to cost 
close to $85,000. : 

Tenn., Memphis—The Buckeye Cotton Oil Co., Gwynne 
Building, Cincinnati, Ohio, plans installation of power equip- 
ment in proposed addition to plant at Memphis, entire project 
reported to cost more than $100,000. The company is a 
subsidiary of the Proctor & Gamble Co.; Robert & Co., Bona 
Allen Building Atlanta, Ga., are engineers. 


Texas, Waco—The M-B Dairy, operated by the South- 
west Dairy Products Co., will install power equipment in 
proposed local milk products plant at Seventeenth Street 
and Franklin Avenue, for which site has been acquired, en- 
tire project to cost about $200,000; boiler house is projected. 
T. W. Fair is manager. 

Va., Richmond—The Craig Hydro-Electric Corporation, 
care of I. J. Marcuse, 2213 Monument Avenue, Richmond, 
recently organized by Mr. Marcuse and associates, is re- 
ported planning a hydroelectric power plant in this vicinity. 


Wash., Selah—Evaporated Fruits, Inc., plans installation of 
power equipment in connection with proposed rebuilding of 
portion of plant recently destroyed by fire with loss reported 
at $150,000; it is understood that a new boiler house will be 
erected. 

W. Va., Belle—The du Pont Ammonia Corporation, Belle, 
a subsidiary of the E. I. du Pont de Nemours Co., Wilming- 
ton, Del., plans installation of power equipment in projected 
plant addition, entire project reported to cost about $2,000,000. 


W. Va., East Lynn—The Katona Mining Co., 1241 Charles- 
ton Avenue, Huntington, W. Va., plans construction of a 
— plant at coal mining properties in the vicinity of East 

ynn. 

Wis., Merrill—The Oneida Gas. Co., Rhinelander, Wis., has 
secured permission to construct and operate an artificial gas 
plant at Merrill, to cost about $100,000, for which plans will 
be drawn at an early date. 


Wis., Oconto—The City Council has arranged for the pur- 
chase of local plant of the Oconto Waterworks Co., and will 
operate as municipal property. Extensions and improvements 
are planned, including installation of deep well pumping equip- 
ment and auxiliary apparatus. Gordon & Bulot, 53 West 
Jackson Boulevard, Chicago, IIll., are engineers. 











